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ABSTRACT 
A Growth Study on Ch i ldren/Adolescents 
with Insulin Dependen t Diabetes Mellitus 
by 
Noreen Brown Schvaneveldt, Master of Science 
Utah State University, 1980 
~1ajor Professor: Dr. Barbara Prater 
Department: Nutrition and Food Sciences 
viii 
The purpose of this study was to investigate the growth of children/ 
adolescents ages 8 through 15 with insulin dependent diabetes mellitus 
attending Camp UTADA in 1977 and/or 1978 and/or 1979. Measurements 
included were height, weight, triceps skinfold, mid-arm circumference 
and mid-arm muscle circumference. Measurements were compared with those 
of a nor~al, nondiabetic population. Total glycosylated hemoglobin 
(HbAl), duration of the disease and age at onset of the disease were 
also investigated for an effect on growth. 
The majority of the male subjects were less than the 50th per-
centile for height and weight. Females were equally distributed above 
and below the 50th percenttle for height and weight. Height and weight 
within sex and age groups were generally similar to normal data with 
few exceptions . Arm anthropometry of male and female groups beyond 
ages 11 and 12 respectively, gene rally had reduced mid-arm ci rcumfer-
ences and/or reduced mH-arm muscle circumference. Triceps skinfold 
measurements generally were similar to that of normal skinfolds. Male 
groups ages 14 and 15 \/ere signifi cantly shorter, lighter and had a 
ix 
lower mid-arm muscle circumference than normal values. 
Analysis of variance (ANOVA) established a negative association 
between duration of diabetes mellitus and height percentile. Age at 
onset of diabetes mellitus was also determined to have a positive effect 
on height. 
It was concluded that while heights can be expected to be within 
the normal range, a mild retardation in height may occur if diabetes 
mellitus is diagnosed before puberty and that males with a prepubertal 
diagnosis will likely experience a delayed growth spurt. 
(92 pages) 
CHAPTER I 
STATEMENT OF THESIS PROBLEM 
Introduction 
That chronic disease tends to interfere with growth in the young 
child is a widely accepted fact, although evidence for such a belief 
is often slight. Growth, is related closely to the general health 
and nutrition of a child. Child/adolescent onset insulin dependent 
diabetes mellitus is a chronic metabolic disease and differs from 
many other chronic conditions such as asthma, collagen diseases and 
congenital heart disease, in that the abnormalities involve endocrine-
metabolic relationships which are central to growth processes. The 
theoretical possibilities for failure or retardation of growth after 
onset of diabetes is evident, but not well documented. 
Background of the Problem 
Before tne discovery of insulin in 1922, the growth of diabetic 
children who survived any length of time was markedly retarded. The 
treatment of undernutrition to help control glycosuria helped increase 
the life expectency after diagnoses, but the children generally became 
u 
severely under nourished and died within a few months (White, 1932). 
The discovery of insulin brought about a dramatic improvement in 
the prognosis of individuals with diabetes mellitus. However, it soon 
became apparent that the physical development of some diabetic children 
were markedly retarded (Joslin et al ., 1925). 
2 
The years following the discovery of insulin resulted in better 
treatment including improved use of insulin and adequate nutrition 
resulting in a decreased incidence .of growth retardation. However, 
most studies published beyond 1930 up to the present time indicate 
that retardation of growth continues to be relatively frequent in 
children with insulin dependent diabetes mellitus (Jackson et al ., 
1 978). 
While some authors have suggested that growth is related td the 
degree of 11 COntrol 11 of the diabetes (Boyd and Kantrow, 1938; Jackson 
and Kelley, 1946; Bergqvist, 1954; Pond, 1970; Evans and Lister, 1970; 
Tattersal and Pyke, 1973; and Jackson et al ., 1978), other authors 
have found no relationship (Wagner et al ., 1942; Sterky, 1967; Craig, 
1970; Jivani and Rayner, 197 3; and VanDyke et a 1., 1973). Contra 1 of 
diabetes is difficult to define and quantitating control is even more 
difficult. The criteria used by various authors to define control 
vary widely making it difficult to compare results (Jackson et al ., 
1978; Craig, 1970; Jivani and Rayner, 1973; and Pond, 1970). 
Jackson et al. (1978) found that diabetic children maintained in 
11 good 11 and 11 fair to good 11 control (84%), grew and matured normally 
regardless of age at onset or duration of diabetes. Control was based 
primarily on frequency and degree of glycosuria between visits to an 
outpatient clinic. Children in lower degrees of control 11 i·nvariably 11 
failed to grow at normal rates and had delayed maturation. Accelerated 
growth was documented during the early months after diabetic children 
attained a higher degree of metabolic control. 
Jivani and Rayner (1973) concluded from their study on 116 chil-
dren that when retardation of growth occurs it is related to duration 
of the disease before puberty. They further i ndicate that stunted 
growth is primarily due to a delayed and reduced pubertal growth 
spurt and has no relationship to adequacy of control. 
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Tattersal and Pyke (1973) reported on 12 pairs of identical twins 
in which one twin developed insulin dependent diabetes mellitus before 
puberty and the other did not. The affected twin treated with conven-
tional methods . were much shorter than the nonaffected twin. These au-
thors concluded 11When we speak of 'good' of 'satisfactory' or even 
'adequate' control of insulin deficiency diabetes, we are deluding 
ourselves. 11 They further conclude that 11When assessed by critical 
indices, we see that conventional criteria for diabetic control are 
almost always poor -- sometimes fairly poor, sometimes very poor 
but hardly ever good. 11 (p. 1110) 
Statement of the Problem 
Recent decades have seen rapid advances in the understanding of 
diabetes and its relationship to growth hormone production. The 
fa i lure to grow should theoretically be reversible by insulin. How-
ever, although diabetic dwarfs are now rare, the growth of diabetic 
children is not always normal and reasons for this is not always clear. 
In recent years since current modes of management have been adopt-
ed published growth studies are rare and adequately divided between the 
opinions that growth disturbances are or are not associated with degree 
of control and duration of diabetes: A study of the physiologic growth 
process of diabetic children under the modern treatment regimen should 
provide valuable information. 
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Purpose and Questions 
The major purpose of this study was to describe the anthropometric 
measurements of the insulin dependent children/adolescents with diabetes 
mellitus attending Camp UTADA. Specific anthropometric measurements 
included were height, weight, mid-arm circumference, mid-arm muscle 
circumference and triceps skinfold. Camp UTADA data was compared with 
normative data of a non-diabetic group of children/adolescents. 
Specific questions included: 
1. Are mean height, and weight in the diabetic population equiva-
lent to that of a normal population as described on the 
National Center for Health Statistics (NCHS) 1976 growth 
charts? 
2. Are triceps skinfolds in a diabetic population equivalent 
to that of a normal population as described in the Vital 
Health Statistics reports from the NCHS? 
3. Are triceps skinfold, mid-arm circumference and mid-arm 
muscle circumference equivalent to or greater to that of the 
values obtained in the Ten State Nutrition Survey? 
Variables specific to the diabetic population were also ana -lyzed 
for a relationship to growth. These included: 
1. Can a relationship between control of diabetes, as def·ined by 
glycosylated hemoglobin, and height be demonstrated? 
2. Does age at diagnosis or duration of diabetes have an effect 
on height? 
5 
Research Design 
Children/adolescents attending Camp UTADA in 1977, and/or 1978 
and/or 1979 were the subjects of this study. Camp UTADA is a summer 
camp for 8 to 16 year olds with insulin dependent diabetes mellitus. 
The camp is sponsored by the Utah Affiliate of the American Diabetes 
Association. 
Subjects attended measurement sessions at their convenience. Age, 
birthdate, and year diabetes was diagnosed were recorded and anthro-
pometric measurements were taken. These included: height, weight, 
mid-arm circumference and triceps skinfold. 
Robert R. Jarrett, M. D. of the Naval Regional Medical Center 
Camp Pendleton, California, provided 1979 data on total glycosylated 
hemoglo~in. This included data on 80 insulin dependent diabetic 
subjects, and 30 non-diabetic control subjects. 
Data obtained were compared to appropriate non-diabetic control 
groups. The data were then analyzed for statistical significance. 
Delimitations 
1. Subjects were measured in lightweight street clothing and 
were bare or stocking footed. Subjects in the comparison 
studies were measured in constant weight examination clothing. 
Weights of clothing were not subtracted from either study. 
2. Height was measured on a detecto platform scale with moveable 
measuring rod. It is recommended that this method not be used 
due to the fact the rod is narrow and also may not remain at 
a right angle. 
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L imi ta ti ons 
1. Significant measurement errors in we ight can occur due to 
clothing, variable food, fluid, fecal and urinary content of 
the subject. 
2. Subcutaneous fat was assessed in the triceps area only. Many 
children receive insulin in the upper arm and atrophy and/or 
hypertrophy is sometimes associated with injections. However, 
when atrophy or hypertrophy was visibly evident to the 
researcher, the other arm was evaluated for less atrophy or 
hypertrophy. 
3. The data collected is cumulative from Camp UTADA 1977 to 1979. 
However, the data has been treated as if it were cross section-
al. The effect of an individual appearing in the data more 
than once has not been statistically removed. 
4. Triceps skinfold, mid-arm circumference and mid-arm muscle 
circumference of subjects will be compared to those values 
obtained in the Ten State Nutrition Survey. The survey was 
conducted on a low socioeconomic population and isn 1 t a 
representative cross section of the nation. 
Definition of Terms 
Insulin Dependent Diabetes Mellitus 
(IDDM) or Type I 
Usually characterized clinically by abrupt onset of symptons, 
insulinopenia and dependence on injected insulin to sustain life. 
This type of diabetes is also prone to ketosis. Classically this type 
of disease occurs in juveniles and was formerly termed juvenile 
diabetes (National Diabetes Data Group, 1979) . 
Control 
Each author seems to have a different defi nition for 11 COntrol 11 , 
based on glycosuria, insulin reactions, incidence of ketosis, hos-
pitalizations, required insulin dosage, and blood values. A degree 
of subjectivity enters into most definitions of control, therefore, 
7 
it will be necessary to summarize the criteria considered by the author 
to mean 11 Control 11 when this term is referred to. 
Total Glycosylated Hemoglobin or HbAl 
This compound is measured from venous blood samples and reflects 
the mean blood glucose concentration during the previous two or three 
months (Koenig et al., 1976band Gabby et al., 1977). 
8 
CHAPTER II 
LITERATURE REVIEW 
Introduction 
This review describes growth studies for individuals with diabetes 
mellitus which have been reported and thus justifies the importance 
of documenting the growth parameters of the Camp UTADA subjects. 
Specific topics include an historical perspective of growth in children 
diabetics, effect of duration and onset of diabetes mellitus on growth, 
height, weight, and skinfold measurements. 
Historical Overview of Growth in Diabetics 
Prior to the discovery of insulin, diabetes mellitus in children 
ran a rapid, progressive course, which generally proved fatal within 
six months after the symptoms had become overt enough to result in a 
correct diagnosis. Rigid dietary treatment, consisting primarily of 
intermittent fasting, undernutrition and carbohydrate restriction 
(Ellenberg and Rifkin, 1970) occasionally prolonged life for two to 
three years after diagnosis. The diet which sustained life, however, 
was not adequate to allow for growth and development of the child. 
Therefore, diabetic children in the pre-insulin era were undernourished, 
and stunted in growth if they survived. 
After the establishment of insulin therapy in the treatment of 
diabetes mellitus in 1922, (Ellenberg and Rifkin, 1970) the overall 
prognosis of the disease was immediately improved for both children 
and adults. It soon became apparent, however, that the physical 
development of some of the diabetic children was markedly retarded. 
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Joslin et al. (1925) observed 69 diabetics with disease onset 
prior to 15 years of age. Insulin therapy had been followed for 12 to 
33 months. The mean gain in height during the observation period was 
6 centimeters. A normal increase for control children was 11 
centimeters. This was an average retardation in growth of 53 . 5%. 
In 1928 Boyd and Nelson reported that 6 (19%) of 32 juvenile 
diabetics were retarded in growth. The remaining 26 (81 %) had the 
standard growth rate of that day. Reference was also made to the fact 
that the standard values which were used for comparisons were too low 
for many groups of children at that time. 
These major investigations took place during the early years of 
insulin therapy. When inadequate diets were still generally being pre-
scribed for the treatment of diabetes (Ellenberg and Rifkin, 1970). 
While dietary treatment for insulin dependent diabetes mellitus is 
still controversial regarding quantitating and timing of meals, the 
~ 
nutritional quality of the American Diabetes Association diet guidelines 
meet the Recommended Dietary Allowances now and have since the late 
194o•s (Ellenberg and Rifkin, 1970). The diet guidelines are adequate 
in quant i ty, and quality to support normal growth and development. 
Studies since the l930 1 s generally indicate growth occurs normal-
ly ; however, growth failures have continued to occur at a relatively 
frequent rate in children with insulin dependent diabetes mellitus 
despite adequate nutrition and better insulin therapy (Jackson et al., 
1978) . 
Prior to 1940, 1 boy in 4 and 1 girl in 10 juvenile diabetics 
were found to be 10.2 to 33 centimeters below standard height for 
10 
age (Wagner et al., 1942}. The high rate of diabetic dwarfism was seen 
less frequently after 1940, and gradually decreased to a reported rate 
of 1% by White (1972). White also reported that growth failures continu-
ed to occur more frequently in boys than girls. This has also been 
demonstrated by other researchers (Sterky, 1967, Knowles et al ., 1965, 
Birkbeck, 1972). 
While gross dwarfism is infrequent in its occurrence, minor 
abnormalities in growth continue to occur with the reason not elucidat-
ed. Some researchers have reported that growth was related to the degree 
of maintenance of normal blood sugar in the diabetic; other researchers 
have been unable to demonstrate a correlation. 
Recent years have seen rapid advances in the understanding of the 
relationship between insulin and growth hormone. Insulin is essential 
for growth as is growth hormone. Neither growth hormone or insulin 
alone will cause a significant growth. Yet, the combination of both 
of these hormones causes dramatic growth (Guyton, 1976). Therefore, 
growth failure in juvenile diabetics should theoretically be reversible 
by insulin therapy. However, growth disturbances have continued to 
occur, despite what appears to be adequate insulin therapy. 
Effect of Onset and Duration of Diabetes 
In 1975 Cernele and Cernele reported on growth studies in 11 
chronic diseases including diabetes. These authors concluded that 
chronic diseases and/or treatment frequently is associated with growth 
disorders including delayed· puberty and diminuition in height. Delayed 
puberty and retarded height was demonstrated in the mean values of the 
11 
diabetic sample of the study. There were 23 insulin dependent children 
observed. Age ranges and sex of subjects were not reported in this study. 
The need to maintain growth during treatment is critical in 
chronic disease such as diabetes mellitus which can have a relatively 
early onset. It would be assumed that commencement of the overt 
disease before puberty and concurrence of diabetes mellitus with the 
growth period could have a significant effect on over-all growth of a 
child for two reasons: (l) the body is more vulnerable to a marginal 
supply of nutrients during periods of rapid growth than during slow 
growth or maintenance and (2) the complex endocrine interactions 
which affect growth were modified in diabetes mellitus. 
It has been demonstrated that prepubertal onset of diabetes and/or 
duration of diabetes can have a negative effect on height of diabetic 
children (Knowles, 1965; Jivani and Rayner, 1973; Van Dyke et al . , 
1973; Peterson, et al., 1978; Tattersal and Pyke, 1973; Pond, 1970 
and Evans and Lister, 1970). 
Effect of Diabetes Mellitus on Height 
Several linear growth studies have been reported on diabetic child-
ren. A review of those follows. While some authors have found a correla-
tion of retarded height with poor control of diabetes (Jackson and Kelly, 
1946; Evans and Lister, 1970; Birkbeck, 1972; Tattersal and Pyke, 1973) 
others have found no such relationship (Knowles et al., 1965; Sterky, 
1967, Craig, 1970, Jivani and Rayner, 1973; Van Dyke et al., 1973). 
Jackson and Kelly (1946) reported the growth of 134 insulin dependent 
children/adolescent diabetics under treatment at the Children•s 
Hospital in Iowa City, Iowa. Of the subjects 66 were male and 68 were 
12 
females . The onset of the disease had occurred before the eighth year 
of life for 52% of the subjects and before the thirteenth year in 
92% of the subjects. These researchers concluded that children with 
overt insulin dependent diabetes mellitus maintained in "good" control 
and receiving nutritional guidance grew and matured at normal rates. 
"Good" control was considered to be minimal transient glycosuria. 
Children in "fair" control (varying amounts of glycosuria some of the 
time) grew at essentially normal rates but, some of them matured at 
a slightly later age. Only those children in "fair to poor" control 
(varying amounts of glycosuria most of the time) failed to grow at 
normal rates. Jackson and Kelly concluded that adequate control of 
diabetes was the most important factor in maintaining normal growth. 
In 1942 Knowles et al. substituted an unmeasured diet for a measured 
diet in the treatment of insulin dependent diabetic patients undergoing 
treatment at the Children•s Hospital in Cincinnati, Ohio. In 1951 a 
prospective study was begun on the children treated with this therapy. 
Observations were made during a 10 year period and included growth 
and general development (Knowles et al ., 1965). Comparison of these 
subjects with a control group matched for age, sex and ethnicity, 
demonstrated that the male diabetics were 5.3 centimeters, and the female 
diabetics were 2.8 centimeters shorter than the non-diabetic control 
group. Sixteen percent of the total study group (7 males and 3 females) 
were more than 2 standard deviations below the mean height of the control 
group. Of these subjects 8 were diagnosed previous to the growth spurt 
years and the remaining 2 males were diagnosed at age 12, the beinnning 
of the growth spurt period. Knowles concluded that age at onset was 
on~ of the most significant factors in growth retardation in diabetics. 
No attempt was made to assess level of control in relationship 
to height. 
In 1967 Sterky reported on the growth of 150 diabetic children 
attending school in Stockholm, Sweden. A retardation in height 
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which was much more pronounced in the diabetic children before 
puberty than after was shown. Generally the study group had a delayed 
maturation. The boys in particular had a lowered growth velocity 
after onset of diabetes but a 11Catch-up 11 growth did take place by 20 
years of age. 
Of those subjects who had reached full sature, none fell below 
two standard deviations of normal but the boys were still significantly 
shorter than the controls. Actual height of all parents of subjects 
who had reached full stature were attained. Parent-child height 
correlation analysis demonstrated that height was lower in the diabetic 
subjects than would be expected for parental height. Sterky•s research 
did not show an effect of diabetic treatment or control on growth. 
Evans and Lister (1970) reported on the growth of juvenile diabetic 
patients living in Windsor, England. When the 104 subjects (55 males, 
49 females) were compared to suitable controls most of the diabetic 
subjects heights were between the lOth and 90th percentiles. However, 
more boys were below the 50th percentile for height than above it. 
Similar findings have been reported by Wagner et al. (1942); 
Bergqvist(1954); Larsson and Sterky (1962); and White (1972). Evans 
and Lister found no significant relation between height and degree 
of control with the exception of 11 poor 11 diabetic control ( 11 frequent 11 
high blood sugar levels from estimations taken at clinic visits) 
which was correlated with poor height attainment in boys. A duration 
of diabetes greater than six years, however, led to a significant 
height retardation in both boys and girls. 
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In 1970 Craig reported on growth of 80 diabetic children attend-
ing the Royal Hospital for Sick Children in Glasgo, Scotland . The 
subjects were observed between 1954 and 1969. A growth chart was used 
to plot growth. The assumption was made that a child would remain in 
the same percentile for the height throughout the study period and any 
deviation from this percentile was measured, so that each child•s 
growth was considered individually against a standard set by himself. 
The results were than divided into ages 6 to 10 years and 10 to 13 
years for analysis. The results indicated that a growth lag occurred 
which was most significant in the 10 to 13 year olds, indicative of 
a delayed growth spurt. 
Growth in these same subjects was then compared with degree of 
control for diabetes mellitus. Control was determined by early morning 
clinic measurements of glycosuria and ketonuria. Only children with a 
duration of diabetes of at least three years were included in this 
section of the study (N=54). The average number of clinic visits for 
the subjects was 41. Subjects were than categorized into percentage 
of clinic visits in which ketosis was present (30% or greater, 20 to 
29%, 10 to 19%, or 0 to 9%). Even those with extremes of ketonuria 
(30% or greater) did not demonstrate growth retardation. Subjects 
were then categorized according to the degree of clinic glycosuria. 
Glycosuria was based on a •four-pluses• form of scoring with 2% or 
more appearing as 1 ++++. • If a child had shown 2% at all clinic visits, 
his socre was four. If l/2% or 3/4% had been recorded, his score was 
2. The rating scale was 3 or over, 2.0 to 2.9, 1.2 to 1 .9, and less than 
15 
1. 2. Once again no correlation could be demonstrated between degree 
of control and height of child. 
Birkbeck (1972) reported on the growth of 92 · insulin dependent 
juvenile onset diabetics from Vancouver, Canada. Subjects were given 
a rating according to their degree of diabetic control and were group-
ed into those in "good control" and those in 11 1 ess than good control." 
"Good control" was defined as absent or minimal glycosuria at most 
times; absence of ketosis or prolonged heavy glycosuria, except when 
infection was present; infrequent hypoglycemic episodes; and evidence 
of satisfactory adherence to a measured d ~ etary regimen and urine 
testing. Eleven subjects in the study {7 males, 4 females) had a 
diabetic control status of less than 11 good," even by the moderate 
standard used for assessment. Of the 11, s · w~re · less than the ·· 
lOth percentile for height on the growth chart. The author 
concluded that "adequate therapy 11 of diabetes is not usually associat-
ed with growth delay or short stature. 
Jivani and Rayner (1973) studied 116 (60 girls, 56 boys) children 
who had attended Birmingham Childrens Hospital. Each child at each 
clinic visit was evaluated for the degree of control based on urine 
testing at home and clinic records of glycosuria, ketosis, blood 
sugar levels and incidence of hypoglycemia . Some researchers have 
selected not to use home urine records because their validity may be 
questionable (Birkbeck, 1972). The study group was then sub-divided 
into those having predominantly good control (urine sugars mainly 0% 
and only occasionally up to 2%; no ketonuria; blood sugar less than 
250 mg%; no to infrequent mild hypoglycemia) or predominantly poor 
control (frequent 1 to 2% urine sugars; rarely sug~r free urines; any 
16 
ketonuria; blood sugar greater than 250 mg%; severe and/or frequent 
hypoglycemia). When the data from the females were analyzed at varying 
periods of follow-up it was found they became significantly shorter 
than the 50th percentile which they had been equal to. Individual or 
'within patient' height had also fallen significantly. On analysis 
of the good control vs. the poor control, there was no statistically 
significant difference between the groups with regards to retardation 
of growth. Females diagnosed with diabetes prepubertally had a signifi-
cant height retardation. Similar results were found in the males. 
again adequacy of control had not affected their growth pattern. 
Once 
The 
group of males with diabetes diagnosed prepubertal showed no significant 
drop in height centile as a group but on a 'within patient' basis this 
group was significantly shorter than would have been predicted from the 
50th percentile analysis. Females with disease onset at or around 
puberty had a normal growth velocity. Both sexes were reported to have 
a normal mean growth velocity until puberty at which time pubertal 
growth spurt was reduced and delayed. In males the well controlled and 
poorly controlled followed the same pattern until puberty. At puberty 
the growth spurt in the well controlled was lower and later than the 
group as a whole. The poorly controlled group had a near normal spurt. 
Males with diabetes at or previous to onset of puberty had normal but 
slightly delayed pubertal growth spurt. These authors conclude that 
when growth retardation of diabetics occur it is related to duration 
of disease before puberty and is principally due to delayed and reduced 
pubertal growth spurt and is not related to adequacy of control. 
Tattersal and Pyke (1973) studied monozygotic twins and investigat-
ed the effect of early onset of diabetes mellitus on growth and 
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development in identical twins; since healthy twins are normally of the 
same height, they are ideal subjects for studi es on the effect of disease 
on growth. Twelve pairs were studied in which one twin developed 
diabetes previous to puberty. In all but 2 of the 12 pairs in which 
1 twin developed diabetes previous to puberty and the other did not, 
the affected twin was shorter; the mean difference was 5.7 centimeters 
which is much more than would be expected by chance. When both twins 
(six pairs) developed diabetes before puberty there was no significant 
difference in height. In twins in which diabetes appeared after 
puberty in one or both twins there was no significant difference in 
height. These authors concluded that diabetes of early onset lead 
to retardation of growth and development, even when its treatment was 
adequate as judged by conventional criteria, that the criteria for 
judging control were inadequate, and that control of insulin dependent 
diabetes was almost always poor. 
One hundred and five children with a diagnosis of diabetes 
mellitus were reviewed (55 females, 50 males) by Van Dyke, et al. (1973). 
These subjects had been followed for an average of six years. Heights 
were recorded on a standard growth chart. A child was measured 
against himself with the assumption he would remain at the same 
percentile for height throughout the study period. Deviation from 
that percentile was measured similar to Jivani and Rayner (1973) and 
Craig (1970). Results were judged independently for degree of control. 
Good control was: (1) no hospitalization except for the initial admission 
or for the treatment of severe infections; (2) 24 hour urine glucose 
quantitatively 12 grams or less; (3) urine free of glucose at least 
50% of the time, and free of acetone 75% of the time. Poor control 
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was: (1) 2 or more hospitalizations per year for control of diabetes 
other than for severe infections; (2) 24 hour quantitati ve ur i ne glucose 
of greater than 25 grams; (3) glucosuria more than 50% of the t ime . Fair 
control was intermediate. 
Analysis of results showed that 74% of the males and 82% of the 
females grew at normal or better than normal rates. While the remaining 
26% of the males and 18% of the females grew at less than their establish-
ed normal rates. Growth rate when compared to degree of control failed 
to demonstate any positive correlation. Of those subjects in good 
control, 78% grew normally or better than normal as did 79% of those 
in fair control. Of those in poor control, 67 % grew at normal or 
better than normal rates. Analysis of age at onset demonstrated that 
onset of diabetes between the ages of 4 and 10 years was more likely to 
show a slowing of growth. Forty-three of the 105 children in the 
study were in this category at onset. Seventeen of the 43 showed a 
decreased rate of growth. This incidence of 40% was nearly double the 
22% shown from all age groups. Of those 17 with decreased growth, 
10 (59%) maintained good control and 7 (41 %) fair or poor control. 
Thus, the same distribution was found as with the general study group 
in relationship to the degree of control with growth. 
Ninety-nine insulin dependent diabetic children were studied (51 
males, 48 females) by Petersen, et al. (1978). These children attended 
Steno Memorial Hospital in Denmark and had a duration of diabetes of at 
least 3 years. Of 718 height measurements only 1.5% were more than 
2 standard deviations below the mean height. Deviations from ideal 
height in relation to duration of diabetes demonstrated a significant 
reduction in height (3.4%) with a duration of diabetes greater than 
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12 years. Subdividing the group with diagnosis previous to age eight 
into those who had been followed regularly at a medical clinic vs . 
those who had not, demonstrated that while both groups had a reduc-
tion in height, the group who had not had medical follow-up had a 
significantly greater reduction in height. 
These authors concluded that close medical supervision (though 
measure of control was not mentioned) had a positive effect on growth of 
diabetics. Petersen et al. (1978) also indicated that the current 
treatment of diabetes was not adequate to secure a completely normal 
height increment; however, a final height within two standard deviations 
of the 50th percentile could be attained in all cases. 
Jackson et al. (1978) kept growth records of 252 children with 
overt diabetes under continuous care at University of Missouri Medical 
Center during 1958-1978. It was reported that children with diabetes 
maintained in relatively high degrees of metabolic control had normal 
growth patterns and that children in lower de9rees of control invariably 
failed to grow at a normal rate and had delayed maturation. 
The criteria for rating control were as follo'I'JS: (p. 100) 
I. 11 Good 11 : All patients in this group had: 
(1) Been under continuous observation in our clinic from time of 
onset of overt diabetes, received early insulin treatment, 
and remained in partial remission with total insulin require-
ment less than 0.5 U./kg/day for 1 to 4 years after onset; 
(2) Good understanding and execution of meal planning; 
(3) Reliable and relatively complete daily home records; 
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{4) Remained essentially aglycosuric duri ng the enti re period of 
partial remission and subsequently had only minimal transient 
glycosuria in no more than one of three or four daily urine 
specimens ; 
(5) No known ketonuria and very infrequent mild insulin reactions; 
and 
(6) Essentially normal postpranial blood sugar values at periodic 
clinic visits, and normal or only slightly elevated Ale 
hemoglobin values (0.3 to 7.3%) when t~sted. 
II. "Good to fair": Most patients in this group had: 
(1) Been under continuous observation in our clinic shortly after 
the time of onset of diabetes and remained in partial remis-
sion (total insulin requirement less than 0. 5 U./kg/day) for 
about one year after onset; 
(2) Relatively good understanding and execution of meal planning; 
(3) Quite reliable and fairly complete home records; 
(4) Only transient glycosuria (on an average of less than one 
of three or four daily urine spec imens; 
(5) No more than occasional transient ketonuria during an inter -
current infection and only occasional mild insulin reactions, 
with . very infrequent reactions of moderate severity; and 
(6) Variable but often normal or only moderately elevated post-
prandial blood sugars at clinic visits, and moderate eleva-
tion of Ale hemoglobin (6.2 to 7.5%) values when tested. 
III. "Fair": 
(1) Most children in this group were total diabetics at the time 
of admission to our clinic, i.e., their daily insuln require-
ment was 0.8 to 1 .0 U/kg/day ~ These patients had : 
(2) Good but more variable execution of meal planning; 
(3) Less complete and reliable home records; 
(4) Varying amounts of sugar in many urine specimens tested; 
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(5) Ketonuria known or suspected at times and infrequent insulin 
reactions of varying severity; and 
(6) Postprandial blood sugars at clinic visits usually high (300 to 
150 mg/dl) and elevated Ale hemoglobin (7.5 to 9.6%) values 
when tested. 
IV. 11 Fa i r to poor 11 : All patients had: 
(1) Fair or poor compliance most of the time; 
(2) Failure to keep regular clinic appointments; more often seen 
for emergency situa~ions; 
(3) Meager and questionable home records; 
(4) Glycosuria of varying degrees in many urine specimens tested; 
(5) More frequent and severe insulin reactions; and 
(6) Ale hemoglobin values grossly elevated when tested (>9.6%). 
Jackson reported the over-all control rating resulted in 20% or 
(N=50) in 11 good control ; 11 64% or (N=l6l) in 11 good to fair 11 control and 
16% or (N=41) in 11 fair" control. A study of the data indicated that 
there were no differences in the growth patterns of the children in 
"good to fair" and "fair 11 control. For the 131 females and 121 males 
in higher degrees of control the growth patterns were almost identical 
to the Iowa norms. When plotted on the 1976 NCHS growth charts, the 
diabetic females and males had almost identical linear growth patterns 
as nondiabetic American children of the same generation. 
Children who attended the clinic and had lower degrees of control 
by the criteria established for greater than 25 months after diagnosis 
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11 invariabiy.. had accelerated growth during early !TX)nths after attain-
ing and maintaining higher degrees of control and subsequently continu -
ed to grow at a normal rate. Of the 252 children in the study, only 
19 (8%) had delayed maturation. Only children categorized with lower 
degrees of control had delayed growth and maturation. 
It is difficult to define diabetic control, although it can be 
assumed such a state must exist. Most writers list a number of factors 
considered but there always appears to be a s.ubjective element in 
determining what is .. good control . 11 Differences in defining 11 Control 11 
makes it difficult to compare studies. Despite conflicting reports, 
normal growth has traditionally been accepted as a useful long-term 
index of satisfactory control (Jackson et al . , 1 978). 
Glycosylated hemoglobin has recently been shown to be an objective 
measurement of control of diabetes. This compound reflects the mean 
blood glucose concentration during the previous two or three months 
(Koenig et al., 1976b; and Gabby et al., 1977) . Jackson et al . (1978) 
as described earlier and Williams and Savage (1979) have both reported 
growth disturbances in those diabetics determined to be in poor control 
as measured by glycosylated hemoglobin va l ues. 
Williams and Savage (1979) measured glycosylated hemoglobin levels 
in 94 diabetic children between 3 and 19 years of age. The results 
were then compared with the traditional methods of assessing blood 
glucose control. Glycosylated he!TX)globin levels correlated with home 
urine glucose testing (P<0.05), with 24-hour urine glucose excretion 
(P<O.Ol), and with height velocity (P<O.OOl ). Within the first two 
of these parameters there was a wide scatter of results, suggesting 
the inaccuracy of these methods for assessing control. The association 
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of elevated glycosylated hemoglobin levels with he ight velocities <lOth 
centile demonstrated the effect of poor control on growth. In those 
children with height velocity_::: lOth centile, the mean HbA1 level was 
16.2% compared with 12.4% in those with heigh t velocities >lOth centile. 
Williams and Savage (1979) concluded tha t the objective parameter 
of glycosylated hemoglobin showed a clear di fference between those 
diabetic children who grew poorly and those with satisfactory growth. 
They suggested that other studies which have found no correlation 
between height velocity and traditional methods of control may reflect 
the inadequacy of the measures and that glycosylated hemoglobin is a 
more accurate measurement of assessment. 
Effect of Diabetes Mellitus on Wei ghts 
The weights of children/adolescents with i nsul i n dependent diabetes 
mellitus have attracted much less attention tha n t he heights of these 
subjects. Weight, as an index of growth, i s subject to greater varia-
tion than height, both between individuals and wit hi n a single individual 
over time (Beal, 1979). 
Those researchers who have reported weight s of diabetics have 
generally indicated that insulin dependent di abeti c females tend to be 
overweight (Wagner et al . , 1942, Evans and Lister, 1970) while males 
tend to be underweight. 
A study by Jackson and Kelly (1946) as descr ibed earlier, observed 
generally that diabetic children maintained a norma l weight for their 
age and height. Twenty-six children (22%) were observed to have a 
tendency to be overweight for height. The trend toward obesity was 
observed in 21 of the 26 children during the ages 14 to 18 years. For 
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the remaining five children the tendency fo r obes i ty occurred in the earlier 
years of childhood. A larger proportion of the gi rl s than boys observed 
at ages from 14 to 18 years of age showed accel erated weight gains and 
tendency toward obesity. Sixty-seven percent of those who were over-
weight for height were in poor to fair diabeti c co nt rol. 
Knowles et al. (1965) compared the mean weight of the study group 
(as described earlier) with a control group by covar iance analysis. 
Results showed the insulin dependent diabetic males weighed 4.1 kg less 
than the control group. The low weight was at t ri but ed to those male 
diabetics who had been diagnosed prepubertal . No di fferences were 
demonstrated between the diabetic females and co nt rols. This study 
also noted that marked obesity was not observed in any diabetic subject 
during the study. 
Sterky (1967) as described earlier reported t hat follow-up studies 
on his group confirmed that insulin dependent dia bet ic females weighed 
more than the nondiabetic controls after puberty, bu t the insulin 
dependent diabetic males weighed less in all age categories . Evans and 
Lister ( 1970) from the stu4y described ea r l i er , fou nd that "most" of the 
diabetic children lay between the lOth to 90th percen tiles for weight . 
However, it was reported that more girls were above the 50th percentile 
for weight than below it. 
Birkbeck (1972) as described earlier repo rted no significant 
difference between the weight distribution of the diabetic subjects 
and the controls. Eleven subjects in the study wer e judged as poorly 
controlled by very modest standards. Of the 11, 7 were markedly 
underweight. 
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Jivani and Rayner (1973) observed wei ght/ heig ht ratios one year 
after the onset of diabetes. This analys is showed t he diabetics were 
significantly heavier than the control group . Three years after 
diagnosis they became still heavier than the controls. No significant 
difference was demonstrated in the \'/eight/he igh t ra tio between the well 
and poorly controlled groups. The poorly cont rolled boys, though 
heavier at one year after diabetes onset, di d not r emain so at analysis 
at three years. 
Peterson et al. (1978) found in his group t hat 1.4% of all weight 
measurements exceeded 2 standard deviations of t he 50th percentile 
and 0.8% were more than 2 standard deviations bel ow the 50th percentile. 
Body weight was unaffected by duration of diabetes , contrary to the 
findings of Ji.vani and Rayner (1973). 
Jackson et al. (1978) reported that upo n pl ott ing on Iowa growth 
charts, those children in higher degrees of co nt rol were almost identical 
to the Iowa norms. By chi-square tests , the femal es were significantly 
heavier (p<O. OOl) than the Iowa norms .by 11 year s of age. By physical 
examination, the increase in body wei ght of mos t of t he females and a 
few of the males was on the basis of vary i ng degrees of obesity. When 
these same children were plotted on the 1976 NCHS growth charts, the 
insulin dependent diabetic females and males had an almost identical 
linear growth pattern as non-diabetic American ch i l dren of the same 
generation. However, the obesity present on phys ical examination in 
many of the males and females was no longer ev iden t . This higher weight 
range is indicative that a higher percentage of American children have 
become heavier in recent years, while height attai nments have remained 
the same for the past 35 to 50 years. This suggests that the American 
adolescent population, especially girls, are becoming obese. 
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Skinfolds and Muscle Mass of Di abeti cs 
Only two references are available on the sk i nfo ld measurements of 
insulin dependent children/adolescents. Evans and Lister (1970) as 
described earlier, briefly reported that mos t diabet ic children when 
compared to suitable controls lay between the lOth to 90th percentiles 
for subscapular skinfold thickness . Skinfold thickness was increased 
in the subscapular region in both boys and gi rls. 
Sterky (1967) as described earlier measured sk infold thicknesses 
over three unreported sites. These measurements were greater in 
diabetic girls and boys of all ages when compared to controls. Con-
clusions indicated a reduced muscular mass i n diabetic boys and a 
pronounced increase of body fat in diabet ic girls . 
In recent years under the modern trea tment reg imen few studies have 
been published on anthropometry of children/ adolescents with insulin 
dependent diabetes mellitus. Studies which have been reported have 
seldom ventured beyond height and we i ght of the su bj ects. The need is 
evident for additional arm anthropometry documentati on on this popula-
tion. Recent development of an objective me thod for measuring diabetic 
control via total glycosylated hemoglob i n (HbA1) may provide some 
valuable information regarding control and growth parameters . 
CHAPTER III 
METHODOLOGY 
Objective 
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This study was designed to investigate an thropometry of children/ 
adolescents with insulin dependent diabetes mellitus and to compare 
these measurements with those of a normal, nondiabetic population. 
Variables specific to the diabetic population i ncluding, duration of 
disease, age at onset of disease and glycosyla t ed hemoglobin were also 
investigated for an effect on growth. 
Descriotion of Subjects 
The study population consisted of 202 chi ldren /adolescents with 
insulin dependent diabetes mellitus ranging i n age from 8 to 15 years 
inclusive. The subjects attended Camp UTADA i n August 1977 and/or 
1978, and/or 1979. Camp UTADA is a summer camp for diabetic children/ 
adolescents, sponsored by the Utah Affilia t e of t he American Diabetes 
Association. 
Research Approach 
A descriptive research approach has been used in this study. The 
research provides a description of growth of the di abetics attending 
Camp UTADA . The growth parameters, height , we i gh t , mid-arm circumfer-
ence, triceps skinfold and mid-arm muscle ci rcumference were obtained. 
Comparisons to a non-diabetic population were st atistically analyzed 
for significance. 
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Research Design 
The primary purpose of this research was t o compare height and 
weight of children/adolescents with insulin de pendent diabetes mellitus 
to growth in a representative normal, nondiabe t i c U.S. population . 
The control group chosen was that represented on t he 1976 NCHS growth 
chart (Appendix A) which is a nondiabetic, rep resentative population 
of the same age as the diabetic subjects. 
Data collection was initiated in August 19 77 at Camp UTADA. Age , 
bi rthdate, year of onset of diabetes and anth ropometry (i ncl udi ng: 
height, weight, triceps skinfold and mid-arm ci rcumference) were 
recorded. The measurements reported in this study are from children/ 
adolescents attending Camp UTADA in August of 1977, (N=77); 1978, 
(N=65); and 1979 (N=l42). An individual ch i ld may appear in the data 
one, two or three times. Thus 202 individual s appear in the data from 
which 294 sets of data were recorded over the 3 year period. This 
includes 21 children who were measured for 3 years , 46 children were 
measured for 2 years and 139 children were measured only 1 time. 
The measurements have been treated as if they were cross sectional 
(Seal, 1979). It is intended to treat the data as longitudinal in the 
future when additional data has been collected. The effect of an 
individual appearing in the data more than one t ime has not been 
statistically removed. 
Methodology for obtaining anthropometry of subjects was establish-
ed to parallel that of the control group as close ly as possible. While 
the control group was measured in constant wei ght examination clothing, 
it was necessary to measure the diabetic research subjects in light-
weight street clothing. Weight of the cloth i ng was not subtracted from 
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either study. It was also necessary t o use a beam balance platform 
scale in place of the sophisticated sel f bal ancing scale and stadia-
meter equipment used in the NCHS surveys for obtain ing and recording 
weight and height. The self-balancing scale printed the weight of the 
subjects directly onto a oermanent record, th us min imizing observer 
and recording errors. The stadiometer photographed the subjects 
height and identification number while the subject was being measured 
giving a precise reading. This served to el iminate parallax and reduce 
observer and recording error. 
Subcutaneous fat was assessed in the tri ceps area because of the 
ease of accessibility. Many children injec t insul in into the upper 
arm where atrophy and/or hypertrophy sometimes occurs . However, 
when atrophy and/or hypertrophy was visibly eviden t to the researcher 
the other arm was evaluated and the arm less affec ted was measured. 
Mean triceps skinfolds within sex and age sub groups were then compared 
to the appropriate values reported from the Hea lth Examination Survey 
reports in the NCHS Vital Hea l th Statistics (Appe ndi x B). 
Mid-arm circumference was measured and mid-arm muscle circumference 
was later calculated using a computer program. Th e NCHS has not re-
leased a publication on mi d-arm circumference or mid-arm muscle cir-
cumference. Therefore, it was necessary t o compa re these measurements 
with those obtained in the Ten State Nutrition Survey (Appendix C). 
This survey was conducted on a low socio-economic segment of the 
population and may not represent a suitable con tro l group for compari-
son. However, since no other standard was ava ilab le it was the most 
appropriate one at this time (Gray and Gray , 19 79) . Triceps skinfold 
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data were also compared to the Ten Sta t e data in addition to the 
NCHS data . 
Description of Instrumentati on 
Detecto Bea~ Balance Platform Scale 
A detecto beam balance platform scale with a nondetachable 
weights was used to obtain weight in pounds of subjects. This equipment 
is available from Physician Supply, 2650 Sou th 1030 West, Salt Lake 
City, Utah 84106. This scale provides more accurate and reliable 
measurements than spring-type bathroom sca l es . Prior to each measur-
ing session the balance was callibrated to zero by the researcher. 
Adjustments were made if necessa ry. 
The detecto scale also has an attached meas uring rod. This was 
used to obtain the height in inches of the subjects. 
Skinfold Calipers 
The Lange skinfold caliper, manufactu red by Cambridge Scientific 
Industries, Inc., Cambridge, t~aryland 21613, was used for measurement 
of triceps skinfold. As with all acceptable cal ipers, it is spring 
loaded to the closed position and compresses the fold with a constant 
pressure of 10 grams/mm2 throughout its range of openings . Extensive 
data available at Cambridge Scientific Indus t r ies demonstrate that the 
spring loading is virtually constant (Fomon , 1976). 
This caliper meets the recommendations of t he Committee on 
National Anthropometry (1956). The Lange ca l iper was used for skin-
folds conducted in the surveys reported by t he National Center for 
Health Statistics (NCHS, 1974; 1972) . 
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Measuring Tape 
A flexible, non-stretch, spring tape wa s used for measuring mid-
arm circumference. These tapes are calibrated in 0.1 centimeters. 
Description of Procedures 
Approval was obtained through the Camp Research Committee yearly 
to conduct the study (Appendix D). 
At the breakfast mealtime on Monday and Tuesday of the camp week 
a brief explanation of the purpose of the measurement study was given 
to the subjects by a dietitian. Announcements were made of where and 
when measurements would be taken. Follow-up announcements were made 
as necessary. 
Subjects reported voluntarily to the Medical/Dispensary Center 
to have anthropometric measurements taken. The writer is aware of no 
refusals. The anthropometric measurements were taken during times of 
unscheduled activities and thus did not interfere with the camp 
activities. 
This non-invasive procedure required about 15 minutes. Subjects 
were examined one time during the week at camp between 8 a.m. and 
4 p.m. Subjects had been informed of the procedures to be performed 
and also were able to observe those subjects participating previous 
to them. 
Birthdate and Year Diabetes was Diagnosed 
The subject reported his/her name, birthdate and year diabetes 
was diagnosed to the record keeper. Age was defined as age at last 
birthday. The exact year in which diabetes was diagnosed may not have 
always been reliable, but the subjects could always remember with 
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confidence the age at onset of diabetes . Repo rts from children measured 
more than one time were generally cons i stent . Inconsistencies were 
followed up with phone calls for clarification of year of onset. 
Height 
Height was measured in bare or stocking fee t on a detecto plat-
form scale with a moveable measuring rod. The subject was instructed 
to stand erect ( 11 stand up tall 11 ) on the pla t fo rm with heels together, 
back toward the scale bar and as straight as possible with his head in 
the Frankfort plane ( 11 look straight ahead 11 ) . Assistance was provided 
if necessary. Height was recorded to the neares t quarter inch (NCHS, 
19 70) . 
Weight 
Body weight was measured using a de tecto beam balance scale. The 
subject was instructed to remain still while weight was taken. Weight 
was recorded to the nearest quarter pound. Chil dren were dressed in 
l i ghtweight clothing and were bare or stocking footed. Cl oth i ng 
weights were not deducted from weights presented in the report. 
Triceps Skinfold 
The child's bare right arm was used for measurement. The subject 
was instructed to bend the arm at a righ t angle with the hand across 
the stomach. The midpo i nt of the upper arm was t hen located by measur-
ing with a non-stretch measuring tape from t he t i p of the acromium 
process of the scapula to the tip of the olecranon process of the ulna. 
The halfway point was then marked with a wa t er soluble marking pen 
in the position midline of the arm (Grant, 1979 ) . 
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Then with the child's arm hanging rel axed at the side, the 
examiner grasped the layer of skin and subcu taneous tissue with the 
first finger and thumb at a distance of about one centimeter from the 
midarm mark. The pinch was pulled firmly and cl eanly from the under-
lying muscle and held until measurements were completed. Lange skin-
fold calipers were then placed over the fat fo ld at the marked midpoint 
at a depth about equal to the thickness of the fold. The caliper 
pinch was then exerted and the reading was mad e three seconds later 
(Grant, 1979). 
The calipers were then removed and reapplied to obtain a total 
of three readings. The results were then averaged and recorded to the 
nearest 0.5 millimeters. 
Measurement of Midarm Circumference 
The midpoint of the upper arm was determi ned in the same method 
as for the triceps skinfold measurement. With t he subject's arm hang-
ing relaxed at the side a non-stretch measur i ng tape was placed 
around the arm at the midpoint. The tape was hel d firmly but gently 
to avoid compression of soft tissue. Arm ci rcumference was then 
recorded to the nearest quarter inch or 0.5 cent imeters (Grant, 1979). 
Total Glycosylated Hemoglobin (HbAJ) 
During the 1979 camp 80 diabetic subjec t s and 30 non-diabetic 
subjects had venous blood samples collected for analysis o~ hemoglobin 
A1 (a+b+c). The assay technique which was ut ilized is described by 
Welch and Boucher (1978). The assay was conducted at the Naval 
Regional Center in Camp Pendleton, Californi a . This data was provided 
for use in this study by Robert R. Jarrett, M.D. 
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Data Processing and Ana lys i s 
Data were entered on-line into the Utah Sta te University Burroughs 
6800 computer. Several small computer programs were written to 
manipulate and generate data. Included were : 
1. Height and mid-arm circumference measurements which had be~n record-
ed in inches were convered to centimeters by multiplying inch data 
by 2.54 centimeters/inch. 
2. Weight measurements which had been recorded i n pounds were convert-
ed to kilograms by dividing the pound value by 2.2 pounds/kilogram. 
3. Mid-arm muscle circumference, was calculated for each subject 
using the following formula: 
MAMC =MAC- (TSF/ 10 x pi) 
WHERE: MAC = mid-arm circumference 
TSF = triceps skinfold 
pi = 3. 14 
t-1A~1C= mid-arm muscle circumference 
4. Age at onset was calculated by subtracting year of birthdate from 
the year diabetes mellitus was di agnosed . Th is resulted in whole 
year values. 
5. The duration the subject had diabetes mellitus was calculated by 
subtracting the year the disease was di agnos ed from the year the 
measurements had been taken. This resu l ted in whole year data. 
6. Age of subjects were calculated and expres sed in whole year age 
and half year age. 
7. All individual · height (centimeters) and wei ght (kilograms) values 
were mathematically converted to percentil e values corresponding 
to the 1976 growth charts of the NCHS. Ha l f year age values were 
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used to improve accuracy. Smoothed pe rcentile tables for height 
and weight in half year intervals (NCHS, 1977) were used as 
standards (Appendix E). The assumption was made that a linear 
distribution occurred between the given percen tile values (i .e. 
5, 10, 25, 50, 75, 90, 95). It was determined which percentiles 
an individual measurement occurred between and the following 
formula was applied to obtain the precise percentile value of the 
observation: 
WHERE: 
e - c x (b - a) + a = P d - c 
a= lower percentile (i .e. 10, 25) 
b =upper percentile (i.e. 50, 75) 
c = lower percentile value (kg . or em . ) 
d =higher percentile value (kg. or em.) 
e = subject•s height (em.) or weight (kg.) 
*a, b, c and d values from tables in Appendix E correpsonding 
to the age and sex of the e value. 
All percentile calculations were completed via a PET computer which 
had been programmed with the percentile equati on. Percentile values 
for height and weight were entered on-line and added to the original 
data. Original data and generated data were transferred to a 9 track 
magnetic tape 1600 BPI. 
The data were analyzed using the appropriate statistical tests 
on the Burroughs 6800 computer. The statistical software utilized were 
the STATPAC program package written by Dr . Rex Hurst of Utah State 
University and the Minitab program package developed by Pennsylvania 
State University and University of Wisconsin. 
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Means, standard deviations, and sampl e sizes within subgroups of 
sex and age were determined for height, wei ght, triceps skinfold, mid-
arm circumference and mid-arm muscle circumference . Student•s 11T11 
tests were performed to statistically compare differences between the 
study population and control population. 
Student•s 11 T11 test 
t = 1 2 1 1 
, sp (- + - ) 
n1 n2 
was performed on triceps skinfold of study population vs. National 
Center for Health Statistics (NCHS) data (Appendix B). Other 11T11 test 
comparisons with controls including: height , weight, triceps skinfold, 
mid-arm circumference and mid-arm muscle circumference were performed 
using the formula: 
x - M () 
t = \1 s2 
-
n 
This was necessary because the standard devi at i ons and sample sizes 
were not available for the control group data. Therefore, M0 was 
equal to the 50th percentile value of the cont rol data and was assumed 
to be equal to the mean. 
Analysis of variance (ANOVA) for testing differences between means 
were performed on the following data: (1) hei ght percentiles and 
duration of disease; (2) height percentiles and age at onset of disease, 
and (3) height percentiles and ranked values of t~tal glycosylated 
hemoglobin (HbA1). Statistical significance of variables shown by ANOVA 
led to further differientation between means by using the least 
significant difference (LSD) testing: 
LSD = tdfE 
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Pearson product moment correlation anal ysi s was performed between 
all pairs of variables in the data. Significant correlation coef-
ficients are reported in the results. 
CHAPTER IV 
RESULTS 
Restatement of Problem 
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Since current modes of management for treatment of diabetes melli-
tus have been adopted, pyblished growth studies on insulin dependent 
diabetics are rare and equally divided between the opinions that 
growth disturbances are or are not associated with degree of control 
and/or duration of diabetes. The purpose of this study was to document 
and describe the growth parameters of diabetic children/adolescents 
under the modern treatment regimen and compare their growth to that of 
a non-diabetic population as we11 as investigate effect of control and 
duration of diabetes on growth. 
Results 
Subjects 
The study population consisted of 202 sub j ect s . Eighty-eight 
percent were reisdents of Utah. The remaining 12% were residents of 
Idaho (4.5%), Wyoming (4%), Nevada (2.5%) and Co l orado (1 %). 
Subjects included in the study were 8 to 15 years of age inclusive. 
A total of 294 individual sets of data were obtained over the 3 year 
data collection period. In August 1977, 77 children were measured and 
in 1978 and 1979 respectively 65 and 142 were measured. Analysis of 
variance (ANOVA) between years measured and growth parameters showed 
no significant differences due to year. 
Of the 294 sets of data, 129 were on males and 165 were on females. 
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Twenty-one children appeared in the data 3 times, 46 appeared in the 
data 2 times and 139 appeared in the data on ce . Tab le 1 represents the 
sample size distribution for subgroups broken down i nto age and sex. 
Table 1. Camp UTADA subgroups size by sex and age at last birthday 
Age Males Females 
8 19 9 
9 14 31 
10 16 29 
11 19 21 
12 16 24 
13 21 21 
14 14 19 
15 10 11 
Total 129 165 
Height Results 
Mean height values and standard devia tions are reported in centi-
meters within age and sex subgroups . Mean heigh t values for study 
subjects were compared by t-tests to the 50th percen tile height values 
of the 1976 NCHS growth chart (Appendix E). The 50th percentile NCHS 
comparison value was derived by pooling the whole year value and the 
half year value and dividing by two. This resulted in the NCHS 50th 
percentile value reported in Table 2. Results of means and standard 
deviations for the study subgroups heights as well as the NCHS 50th 
percentile value and t-test results are shown in Table 2. Male sub-
groups ages 14 and 15 and the 14 year female subgroup were significantly 
shorter than the NCHS copulation. Statistical significance was at the 
.05 level . 
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Table 2. Comparison height data of camp UTADA data to NCHS data 
NCHS (pooled) 
Age N Mean S.D. 50th Percenti 1 e t-Test 
Camp UTADA Males 
8 19 128.04 7. 76 128.3 .146 
9 14 130.81 8.02 133 . 5 - 1. 255 
10 16 138. 51 9.55 138.9 .163 
11 19 144.25 7.22 144.85 .362 
12 16 147 . 28 11.74 151 . 35 - 1. 387 
13 21 1 57. 12 7.06 158.2 . 701 
14 14 156.57 13.37 164.65 - 2.261* 
15 10 164.15 8.43 170.25 - 2.288* 
Camp UTADA Fema 1 es 
8 9 133.77 9.12 127.85 1. 947 
9 31 135.79 7.45 133.7 1. 56 
10 29 140.88 6. 01 139.9 .878 
11 21 147.65 8. 61 146.5 . 612 
.12 24 1 51 . 32 5.59 153.05 1. 516 
13 21 1 57 . 51 6.07 158.05 .408 
14 19 157.51 6.97 160 .8 - 2.058* 
15 11 158.41 7.42 161.95 - 1. 582 
*Statistical significance at .05 level 
**Statistical significance at .01 level 
Negative t-Test values indicate the mean height of the Camp UTADA 
subgroup was less than the control group 
Positive t-Test values indicate the mean height of the Camp UTADA 
subgroup was greater than the control group 
Figures 1 and 2 are graphic presentations of the values in Table 2. 
Mean height values ± 1 standard deviation of the study subgroups were 
plotted on the 1976 NCHS growth charts. 
Individual heights were converted to the corresponding percentile 
values of the 1976 NCHS growth chart. Tables 3 and 4 display a fre-
quency observation distribution of height percentiles in increments 
of five percent for males and females. Those observations which 
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BOYS: 2 TO 18 YEARS 
PHYSICAL GROWTH 
NCHS PERCENTILES* NAME RECORD#-------
77 195 
76 
75 1 
74 
73 185 
72 
71 18 
70 
69 175 
68 
67 170 
66 
65 165 
64 
63 160 
62 
61 155 
60 
59 150 
58 
57 145 
56 
55 140 
54 
53 135 
52 
51 130 
50 
49 125 
48 
47 120 
46 
45 115 
44 
43 110 
42 
41 105 
40 
39 10 
38 
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35 90 
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33 85 
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Figure 1 . Camp UTADA Males 
Mean Height and Mean Weight within subgroups 
+ 1 S. D. plotted on 1976 NCHS growth chart 
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GIRLS: 2 TO 18 YEARS 
PHYSICAL GROWTH 
NCHS PERCENTILES* NAME RECORD # 
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Figure 2. Camp UTADA Females 
Mean Height and Mean Weight within subg roups 
+ 1 S. D. plotted on 1976 NCHS growth chart 
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Table 3. Camp UTADA Hales 
Height Percentile Frequency Histogram 
Percentile 
Value Number of Observations 
< 5. 24 ************************ 
10. 9 ********* 
15. 1 * 
20. 9 ********* 
25. 5 ***** 
30. 3 *** 
35. 9 ********* 
40. 5 ***** 
45. 7 ******* 
50. 6 ****** 
55. 7 ******* 
60. 2 ** 
65. 4 **** 
70. 3 *** 
75. 9 ********* 
80. 7 ******* 
85. 5 ***** 
90. 8 ******** 
> 95. 6 ****** 
Table 4. Camp UTADA Females 
Height Percentile Frequency Histogram 
Percentile 
Value 
< 5. 
-10. 
15. 
20. 
25. 
30. 
35. 
40. 
45. 
50. 
55. 
60. 
65. 
70. 
75. 
80. 
85. 
90. 
> 95. 
16 
9 
5 
13 
5. 
4 
8 
14 
4 
7 
6 
7 
13 
6 
14 
9 
4 
7 
1 3 
**************** 
********* 
***** 
************* 
***** 
**** 
******** 
************** 
**** 
******* 
**·**** 
******* 
*******-l<f***** 
****** 
************** 
********* 
**** 
******* 
************* 
. - --- ·---- ---· 
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occurred at the 5th percentile value were equa l to or less than the 
5th percentile and those which occurred at the 95 t h percentile value 
were equal to or greater than the 95th percenti l e vaJue. Analysis of 
male distribution showed 75 (57%) observati ons were less than the 50th 
percentile and 59 (39%) observations were greater than the 50th per-
centile. Six observations occurred at the 50 t h percentile. Analysis 
of female observations showed an equal dist r ibuti on above and below the 
50th percentile value with 79 observations occurri ng in either direction 
and 7 observations lying on the 50th percentile . 
Weight Results 
Mean weight values and standard deviations are reported in kilo-
grams within sex and age groupings. Mean weigh t for study subjects 
were compared by t-tests to the 50th percenti l e weight values of the 
1976 NCHS growth chart (Appendix E). The 50th percentile NCHS com-
parison value was derived by pooling the whole year value and the 
half year value and dividing by two. This resul ted in the 50th per-
centile value reported in Table 5. Results of means and standard 
deviations for the study subgroups weights, as we l l as the NCHS 50th 
percentile value and t-test results are shown i n Tab le 5. The eight 
year male Camp UTADA subgroup was significantly ( a= .05) heavier than 
the control group. The 12 year female and the 12 and 15 year male 
subgroups were significantly lighter ( a= .05), and the 14 year male 
subgroups was significantly ( a = .01) lighter t han t he NCHS control 
group. 
Figures 1 and 2 (p. 41 ,42)include a graphi c presentation of the 
values in Table 5. Mean weight values + 1 standa rd deviation of the 
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Table 5. Comparison weight data of camp UTADA data to NCHS data 
NCHS ( poo 1 ed) 
Age N Mean S.D. 50th Percentile t-Test 
Camp UTADA Males 
8 19 28.77 4.2 25 .98 2.900** 
9 14 29.14 4. 38 28 .93 .179 
10 16 32.93 8.19 32 .37 .322 
11 19 34.03 4.88 36 .38 - 2.099 
12 16 36.61 6.8 41 .03 - 2.600* 
13 21 45.32 5.4 46 .38 .900 
14 14 45.25 9.62 52 .27 - 2.730** 
15 10 51.54 8.29 58 . 11 - 2.506* 
Camp UTADA Females 
8 9 28.79 4.37 25 . 71 2.114* 
9 31 30.39 4. 61 29 .46 1 . 123 
10 29 33.33 4.89 33 .64 .341 
11 21 38.27 5.74 38 .09 .144 
12 24 39.71 6.39 42 .69 2.285* 
13 21 46.67 6.47 47 .18 . 361 
14 19 48.86 5.38 51 . 19 - 1 .888 
l 5 11 52.47 6.76 54 .32 .908 
*Statistical significance at .05 level 
**Statistical significance at .01 level 
Negative t-Test values indicate the mean weight of the Camp UTADA 
subgroup was less than the control group 
Positive t-Test values indicate the mean weight of Camp UTADA subgroup 
is greater than the control group 
study subgroups were plotted on the 1976 NCHS growth charts. 
Individual weights were converted to the corresponding percentile 
values of the 1976 growth charts. Tables 6 and 7 display a frequency 
observation distribution of weight percentiles in i ncrements of five 
percent for males and females. Those observations which occurred at 
the 5th percentile value were equal to or less than the 5th percentile 
and those which occurred at the 95th percentile value were equal to or 
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Table 6. Camp UTADA Males 
Weight Percentile Frequency Hi sto grrun 
Percent i 1 e 
Value Number of Obs ervations 
< 5. 17 ***************** 
-,0. 7 ******* 
1 5. 6 ****** 
20. 4 **** 
25. 11 *********** 
30. 9 ********* 
35. 9 ********* 
40. 5 ***** 
45. 5 ***** 
50. 11 *********** 
55. 5 ***** 
60. 9 ********* 
65. 8 ******** 
70. 5 ***** 
75. 6 ****** 
80. 3 *** 
85. 2 ** 
90. 4 **** 
> 95. 3 *** 
------- --·----- ·- ~-----~-~ 
Table 7. Camp UTADA Females 
Weight Percentile Frequency Histogram 
Percentile 
Value Number of Observations 
< 5. 10 ********** 
10. 8 ******** 
1 5. 4 **** 
20. 11 *********** 
25. 10 ********** 
30. 6 ****** 
35. 12 ************ 
40. 4 **** 
45. 13 ************* 
50. 17 ***************** 
55. 13 ************* 
60. 16 **************** 
65. 8 ******** 
70. 8 ******** 
75. 6 ****** 
80. 9 ********* 
85. 4 **** 
90. 4 **** 
> 95. 1 * 
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greater than the 95th percentile. Analys i s of wei gh t distribution for 
males showed 46 (36%) observations were great er th an the 50th percentile, 
72 (56%) were less than the 50th percentil e and 11 (8%} were equal to 
the 50th percentile. Analysis of female observations showed 69 (42%) 
occurred above, 78 (48%) occurred below and 17 (10%) were equal to the 
50th percentile. 
Height/Weight Results 
Pearson product moment correlation analysis for the entire study 
group was performed on height percentile vs. weight percentile and 
resulted in a coefficient of .680. When the group was separated into 
sexes; males had a correlation coefficient of .751 and females .658. 
Figures 3 and 4 are scatter diagrams of individual male and female 
data of height percentile plotted against weight percentile. The data 
points in the lower right hand corner indicate underweight and the data 
points in the lower right hand corner are indica t ive of overweight or 
obesity. 
Mean height and weight percentiles with i n sex and age subgroup are 
given in Table 8. The mean height and weight pe rcentiles in the male 
subgroups were less than the 50th percentile with the exception of the 
8 year old subgroups which had a mean percentile value of 54.9 in 
height and 65.2 in weight. Difference between mean height percentile 
and weight percentile for males indicates the 8 and 9 year males as a 
group were overweight for height and the 12 yea r males as a group were 
underweight for height. Other male age groups had similar weight and 
height percentile values. The mean height percentiles in female sub-
groups showed 8, 9, 10 and 11 year groups at greater than the 50th per-
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Figure 3. Camp UTADA Males 
Scatter Diagram of Indi vidual Data - He i ght 
Percentile Plotted against Weight Percentile 
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Figure 4. Camp UTADA Females 
Scatter Diagram of Individual Data - Height 
Percentile plotted against Weight Percentile 
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Tables. Camp UTADA data; mean height perc entile+ 1 S.D. and mean 
weight percentile~ 1 S.D. within age and sex 
Mean Height Mean Weight Difference Between 
Age N Percentile S. D. Percentile S.D. Height & Weight% 
Males 
8 19 54.9 34.5 65 .2 25.8 - 10.3 
9 14 37.6 31.7 48 . 6 24.9 - 11.0 
10 16 46 .9 37.6 43 . 6 30.2 3.3 
11 19 45.6 28.6 36 .3 20.4 9.3 
12 16 45 .4 34.5 31.2 25.2 14 . 2 
13 21 45.7 25.6 42 .8 21.5 2.9 
14 14 34.2 30.9 29 .1 23.7 - 5.1 
1 5 10 34.5 20.0 26.8 18.5 7.7 
Females 
8 9 68.7 34 .8 61.2 25.5 7.5 
9 31 56.8 31.8 50.7 23.6 6.1 
10 29 52.5 28 . 3 45.4 22.3 7.1 
11 21 53.7 29.9 48.8 23.4 4.9 
12 24 44.3 23.9 37.3 24.1 7.0 
13 21 46.6 26.2 47.9 23.4 - 1.3 
14 19 38.9 27.9 39.9 20.0 - 1.0 
15 11 32.6 26.3 45.0 24.3 - 12.4 
-Values indicate weight percentile is greater than height percentile 
+Values indicate weight percentile is less t han height percentile 
centile. The 12, 13, 14 and 15 year subgroups were less than the 50th 
percentile for height. The 8 and 9 year subgrou ps were greater than the 
50th percentile for weight also, and subgroups 10 to 15 were less than 
the 50th percentile. Observations of differences between height 
percentile and weight percentile indicate the 15 year female subgroup 
was overweight for height. Although standard devi ations are large, the 
mean percentile for height and weight in the 14 and 15 year male and 
female subgroups were low, ranging from 39.9 to 26.8. A general trend 
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for decrease in height and weight percenti l e w: t h an increase in age was 
observed in both male and female data, pa r t ic ul arly in the mean weight 
percentiles for males. 
Arm Anthropometry Results 
Table 9 presents the basic distribution stat i stics for arm anthro-
pometry of the total study group broken down into age and sex subgroups. 
The table includes sample sizes, means , an d standard deviations for 
triceps skinfold, mid-arm circumference and mid-arm muscle circumference. 
Triceps skinfold measurements for study subgroups were compared to those 
reported by the NCHS (Appendix B) by t-test analys is (Table 10). The 
8 year male subgroup had a significantly larger mean triceps skinfold 
( a= .05) than the controls, and the 14year female subgroups had a 
highly significantly ( a= .001) larger mean measurement. No other 
statistical significance was found in comparison to the NCHS data. 
Camp UTADA arm anthropometry (Table 9) were compared by t-test 
to those values reported by Frisancho (1974) (Appen dix C). Results 
are sh own in Table 11. Several highly significant (a= .001) dif-
ferences occurred. No Camp UTADA subgroup had a si gnificantly smaller 
mean t ri ceps skinfold than those reported by the Te n-State Survey. 
Three subgroups; males 8, females 11 and 14 were highly significantly 
( a = .001) larger and the 13 year males ( a = .01) and 9 year females 
( a = .J5), were significantly larger also. Mid- arm circumferences 
were larger in the 8, 9, 10 and 11 year female subgroups ( a = .001) 
as were mid-arm muscle circumferences in the 8, 9 and 11 year female 
subgroups. The 12, 14 and 15 year female subgroups were smaller 
( a =. 01) in mid-arm muscle circumference. 
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Table 9. Camp UTADA data; arm antropometry wi thin sex and age subgroups 
, Arm 
Triceps ~1i d Arm Muscle 
Skinfold S.D. Circum . S.D . Circum. S.D. 
Age N Mean (mm) (mm) Mean (em) (em ) Mean (em) (em) 
Males 
8 19 11.82 4.96 19.64 l. 78 15.93 1. 71 
9 14 10 . 36 5.00 20 .46 2. 94 17.21 2. 69 
10 16 11.06 4.85 19 . 95 2. 19 16.47 1. 74 
11 19 1 o. 16 4. 06 20.38 1.12 17.19 1.05 
12 16 10.56 3. 90 21.13 l. 71 17.81 1.80 
13 21 12.10 4.17 22 . 56 1. 97 18.76 2.28 
14 14 12 . 07 4.98 22.83 2. 45 19.04 2. 53 
15 10 12.05 6.02 24.24 2.59 20.45 2.38 
Females 
8 9 12.00 3.1 6 20.36 1.29 16.59 1.44 
9 31 12 . 24 4.1 3 19.90 1. 75 16.06 1. 51 
10 29 13.10 4.46 20 .55 1.20 16 .44 1.42 
11 21 14.24 3.87 22.22 1.83 17.75 1.49 
12 24 13 . 71 5.20 21.68 2.26 17.38 l. 74 
13 21 14.95 5.36 23.34 2.44 18.65 l. 53 
14 19 20.21 5.59 24.19 l. 96 17.84 1.46 
15 11 20.00 8.27 24.25 2.45 17.97 1.65 
Table 10. Comparison triceps skinfold data Ca~p JTADA-NCHS 
Camp UTADA Males 
Females 
Age 
8 
9 
10 
11 
12 
13 
14 
15 
8 
9 
10 
11 
12 
1 3 
14 
15 
N 
19 
14 
16 
19 
16 
21 
14 
10 
9 
31 
29 
21 
24 
21 
19 
11 
*Statistical significanceat .05 level 
**Statistical significance at .01 level 
***Statistical significance at .001 level 
t-Test 
2.808 
.029 
.499 
- 1. 087 
.300 
1. 015 
1. 503 
1. 624 
.206 
. 518 
. 104 
1.196 
.589 
.882 
3. 604*** 
1. 908 
Negative values indicate Camp UTADA subgroup had smaller triceps 
skinfold than controls 
Positive values indicate Camp UTADA subgroup h d larger triceps 
skinfold than controls 
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Table 11. Comparison arm anthropometry data ca mp UTADA to Ten State 
Survey 
t-Test 
Age N t-Test MAC 
Males 
8 19 4.946*** 6.836*** 
9 14 . 76 2.365* 
10 16 .72 . 167 
11 19 .184 - 6.362*** 
12 16 .463 - 2.572* 
13 21 2.536** - 2.381* 
14 14 1 . 169 - 3.429*** 
15 10 .853 - 1. 580 
Fema 1 es 
8 9 1.803 11.141 *** 
9· 31 2.254* 7.086*** 
10 29 1. 604 5.035*** 
11 21 3.141 *** 7.650*** 
12 24 .630 1. 504 
13 21 .694 1 . 199 
14 19 3 .168*** .940 
15 11 . 643 .458 
*Statistical significance at .05 level 
**Statistical significance at .01 level 
***Statistical significance at .001 level 
t -Test 
MAMC 
.845 
2.148 
- 1.744 
- 3.619*** 
- 1. 299 
- 2.989*** 
- 4.506*** 
- 2.736* 
6.467*** 
4.895*** 
2.013 
6 .148*** 
- 4. 122*** 
1. 346 
- 13. 014*** 
6.182*** 
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Negative values indicate Camp UTADA subgroup measurement is less 
than Ten State Survey subgroup 
Positive values indicate Camp UTADA subgroup measurement is greater 
than Ten State Survey subgroup 
NOTE: TSF = triceps skinfold 
MAC = mid-arm circumference 
~!JAMC =mid-arm muscle circumference 
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Those values of sign i ficance i n the male subgrou ps were generally 
negative for mid-arm circumference and mid-a rm muscll e circumference, 
indicating a lower skeletal muscle mass in the 11, ] 3, 14 and 15 year 
subgroups. The eight and nine year male subgroups ~ ad significantly 
larger mid-arm circumferences. This may be due to i'ncreased fat 
stores in the eight year subgroup. 
Pearson product moment correlation ana lysi s was performed on 
arm anthropometry and weight percentile wi t hin sex s ubgroups (Table 12). 
As would be expected correlation coeffic i ents were high for mid-arm 
circumference vs. mid-arm muscle circumference at .842 for males and 
.708 for females. Percentile weight vs . mid-arm circumference resulted 
in a coefficient of .458 for females , but only . 290 for males . Triceps 
skinfold did not correlate well with wei ght, at . 173 for males and .296 
for females. Triceps skinfold vs. mid-a rm circumfer ence resulted in 
a .710 coefficient for females but onl y .382 for ma l es. 
Table 12 . Camp UTADA correlation anal ysi s of arm an thropometry and 
weight percentile within sex subgroups 
Male Female 
Correlation Coeffici ent Correlation Coefficient 
TSF /MAC 
TSF/MAMC 
MAC/MM1C 
vJt%/MAC 
wt%/MAMC 
wt%/TSF 
.382 
- .176 
.842 
.290 
.208 
.173 
NOTE: TSF = triceps skinfold 
MAC = mid-arm circumference 
MAMC = mid-arm muscle circumference 
wt % = weight percentile 
. 710 
.006 
. 708 
.458 
.354 
.296 
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Summary of significant differences i n anthropometry of camp UTADA 
population vs. control data. Table 13 i s a summa ry of the statistically 
significant differences observed between the Camp UTADA population and 
the control populations. Beyond the 11 year male subgroups, all sig-
nificant differences are negative in value, indica t i ng that the subgroup 
mean value was less than the control value. Si gni f i cant differences in 
the female subgroups were generally greater than control values from 
8 through 12 and less than control values beyond age 13 with the excep-
tion of a greater skinfold in the 14 yea r age group. 
Total Glycosylated Hemoglobin 
(HbAl) Results 
Total glycosylated hemoglobin values we re ava i l able on 56% (80) 
of the subjects attending Camp UTADA in .August 1979. This represented 
27% of the total study group. Table 14 shows res ul t s of sex subgroups, 
including sample size, mean, standard deviat ion and range. Comparison 
between sex groups by t-test analysis showe d no s i gnificant differences 
in mean HbAl values . HbAl values in non -diabetic subjects ranged from 
5.16 to 9.55 mg%. 
HbAl values were separated into the fo llowin g levels: level l = 
1 to 12 mg%; level 2 = 12 .1 to 14 mg%; leve l 3 = 14.1 to 16 mg%; 
level 4 = 16.1 to 18 mg% and level 5 = 18.1 to 25 mg%. A oneway 
analysis of variance (ANOVA) test was pe r fo rmed on t he ranked hemo-
globin values and height percentiles of the 80 subjects (Table 15). 
ANOVA failed to show any significant differences between means. Pear-
son product moment correlation coefficient for hei ght percentile vs. 
HbAl was recorded not significant (-.058). 
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Table 13. Camp UTADA data; summary of signifi cant di fferences between 
anthropometry of Camp UTADA populat ion and control data 
Ten-S tate Arm Anthro~metr~ t-Test 
NCHS Height NCHS Weight 
Age t-Test t-Test TSF 
MALES 
8 + ** + *** 
9 
10 
11 
12 * 
13 
14 - * ** 
15 - * * 
FEMALES 
8 + * + * 
9 
10 
11 + *** 
12 - * 
13 
14 - * + *** 
15 
*Statistical significance at . 05 level 
**Statistical significance at .01 level 
***Statistical significance at .001 level 
- Camp UTADA value is less than the control valu e 
MAC 
+ *** 
+ * 
- *** 
- * 
- * 
- *** 
+ *** 
+ *** 
+ *** 
+ *** 
+ Camp UTADA value is greater than the control value 
MAMC 
*** 
- *** 
- *** 
* 
+ *** 
+ *** 
+ *** 
- *** 
- *** 
- *** 
Table 14. Camp UTADA HbA1 data (1979) 
N 
Mean 
S. D. 
Range 
*Not significant 
Males 
36 
14.044 
3.557 
8.6 - 24.7 
Fema 1 es 
44 
14 .730 
2. 671 5 
6.9 -20 .1 
t-Test 
* .058 
Table 15. Camp UTADA 1979 data; analysis of va r iance of HbA1 and height percentiles 
HbAl Mean Height Level N Percentil e S.D. 
1 18 47 .1 32.9 
2 17 38.4 23.9 
3 23 43 .1 33.9 
4 12 47.4 21.8 
5 10 42.6 27.4 
Pooled St. Dev. = 29.4 
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sv OF ss MS=SS/ DF F-Rati o 
Factor 4 869. 217 . 0.25* 
Error 75 64816. 864 . 
Total 78 65685. 
*Not significant 
Age at Onset of Diabetes Mel li tus 
Results 
59 
The average age at onset of di abetes me l l i tus for the study popu-
lation was 6.89 years. The average age at onset for males was 6.53 
years and for the females 7.17 years . The f req uency distribution for 
age at onset of diabetes mellitus is shown in Tab l e 16. Five subjects 
were diagnosed with diabetes mellitus be fore age l , while there were 2 
who were diagnosed at age 15. 
An analysis of variance (ANOVA) tes t was con ducted on age at onset 
of diabetes mellitus and percentile height atta ined (Table 17). ANOVA 
established statistical significance between means of the 16 age cl as -
sification parameters. Generally age at onset previous to eight years 
resulted in lower height percentiles than onse t beyond ei ght years. 
The lowest height percentile was observed in the 3 years of age at 
onset subgroup (N=34) which had a mean hei ght percentile of 33 . 7. 
Since ANOVA established statistical si gnificance between means of the 
16 pa rameters and values , t he least si gnificant di fference (LSD) was 
tested between means (Table 18). Si gn ifican t differences occurred 
when age at onset was nine years or less . 
Duration of Diabetes Mellitus Results 
The average duration of diabetes me llitus fo r the study population 
was 4.51 years. The male subgroup had an average duration of 4.83 
years and the female subgroup had an ave rage durat ion of 4.26 years. 
The frequency distribution of duration of di abetes mellitus is depicted 
in Table 19. Thirty-three subjects had diabe tes me llitus less than 
1 year when their measurements were taken rangin g to 2 subjects who 
had the disease 13 and 14 years. 
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Table 17. Analysis of Variance of age at o ns e ~ of diabetes mellitus and 
height percentiles 
Age at Onset Mean Height 
of Disease N Percentile S.D. 
<1 5 40.2 37.3 
1 5 62.4 21.6 
2 15 39.7 26.9 
3 34 33.7 27.4 
4 1 5 55 . 5 33.2 
5 33 32.5 29.6 
6 39 46.6 30.6 
7 35 55 . 6 31.1 
8 32 43 .3 32.6 
9 23 49.2 22.5 
10 22 55.5 29.4 
11 19 49.6 32. l 
12 15 69.1 20.2 
13 5 53.6 29.6 
14 6 49 . 7 22.9 
15 2 51.5 26.2 
Pooled St. Dev. = 29.3 
sv DF ss MS=SS/DF F-Ratio 
Factor 15 28967. 1810. 2. 11 * 
Error 299 248469. 860. 
Total 305 277437 . 
*Statistically significant at .05 level 
Table 18 . LSD between age at onset of diabetes mellitus and mean height percentile 
~lean 
Height 
Dura- Perc en- 5 3 2 <1 8 6 9 11 14 15 13 10 tion tile 32.5 33.7 39.7 40.2 43.3 46.6 49.2 49.6 49.7 51.5 53 . 6 55.5 
12 69.6 18* 18* 21* 30 18* 18* 19* 20 27 43 30 19 
62.4 28* 28* 30 36 28 27 28 29 35 48 36 28 
7 55.6 14* 14* 18 27 14 13 15 16 25 42 27 16 
4 55.5 18* 18* 21 30 18 17 19 20 28 43 30 16 
10 55.5 16* 16* 19 28 16 15 17 18 26 42 28 
13 53.6 28 28 30 36 28 27 28 29 35 48 
15 51.5 42 42 43 48 42 42 42 43 47 
14 49 . 7 26 25 28 35 26 25 26 27 
11 49.6 17* 16 20 29 17 16 18 
9 49.2 16* 16 20 28 16 1 5 
6 46.6 14* 13 17 27 14 
8 43.3 14 14 18 28 
<l 40.2 28 28 30 
2 39.7 18 18 
3 33.7 14 
*Statistical significance at .05 level 
4 7 
55.5 55.6 
21 18 
30 27 
18 
12 
69.6 
30 
Duration 
Mean Height Percentile 
(J) 
N 
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Table 19. Camp UTADA Data 
Duration of Di abetes Mellitus Fr quency Histogram 
Duration of 
Diabetes (Years) 
<l. 
l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
l o. 
ll. 
12. 
13. 
14. 
Number of Observations 
33 ********************************* 
38 ************************************** 
34 ********************************** 
25 ************************* 
31 ******************************* 
32 ******************************** 
30 ****************************** • 
25 ************************* 
14 ************** 
17 ***************** 
1 0 ********** 
12 ************ 
3 *** 
1 * 
1 * 
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An ANOVA test was conducted on dura tion of di abetes mellitus and 
percentile height attained (Table 20). Si nce ANOVA established 
statistical significance between means of t he 15 duration classification 
parameters and values within these subgroups occur red in a sequential 
manner, the least significant difference (LSD) was tested between means 
(Table 21). It was observed that a duration of di abetes mellitus equal 
to or greater than four years resulted in si gni fi cantly lower mean 
height percentiles when compared to duration of less than one year to 
one year. Si gni fi cantly 1 ower height percentiles were a 1 so observed 
with durations of seven years when compared to two , three and five 
year durations. 
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Table 20. Analysis of Variance of duration of diab etes mellitus and 
height percentiles 
Duration of Mean Hei ght 
Diabetes (yrs.) N Percenti1 e S. D. 
<l 33 62 ~ 8 26 .6 
l 38 58 .7 28.6 
2 34 52.1 33.5 
3 25 52.4 28.8 
4 31 41.9 30.8 
5 32 50 .4 28.2 
6 30 39 .0 29.8 
7 25 34 .1 26 .6 
8 14 39.9 29.9 
9 17 37.6 28.8 
10 10 39 .7 28.5 
11 12 24.5 22.6 
12 3 23 .3 14 .0 
13 1 63 . 0 0.0 
14 1 5.0 0.0 
Pooled St. Dev. = 28.9 
Analysis of Variance 
sv OF ss MS-SS/ OF F-Ratio 
Factor 14 34729. 2461 2.97* 
Error 291 242708. 834. 
Total 305 277437. 
*Statistically significant at . 05 1 evel 
Table 21. LSD between duration of diabetes mellitus and mean height percentile 
Mean 
Height 
Dura- Percen- 14 12 11 7 9 6 10 8 4 5 2 
tion ti 1 e 5 23 .3 24. 5 34.1 37 . 6 39.0 39.7 39.9 41.9 50.4 52 .l 
13 63 . 0 81 66 60. 59 59 58 60 60 58 58 58 
<l 62.8 58 35* 19* 15* 17 15* 21* 18 14 * 14* 14 
58.7 58 34* 19* 15* 17* 14* 20 18* 14* 14 14 
3 52 .4 59 35 20* 16* 18 16 22 19 is 15 15 
2 52.1 58 35 19* 15* 17 14 21 18 14 14 
5 50.4 58 35 19* 15* 17 15 21 18 14 
4 41.9 58 35 20 15 17 l 5 21 19 
8 39 . 9 60 37 23 19 21 19 24 
10 39.7 60 38 25 22 23 21 
6 39.0 58 35 20 16 17 
9 37 . 6 59 36 22 18 
7 34.1 59 35 20 
11 24 . 5 60 37 
12 23.3 66 
*Statistical significance at .05 level 
3 1 
52.4 58.7 
59 58 
15* 14 
15 
<l 
62.8 
58 
Duration 
Mean Height Percentile 
Q') 
Q') 
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CHAPTER V 
DISCUSSION 
Purpose of the Study 
The height, weight, triceps skinfold, mid-arm circumference and 
mid-arm muscle circumference for the insulin dependent diabetic popu-
lation ages 8 through 15years of age attending Camp UTADA were com-
pared with a control, nondiabetic group (NCHS , Ten-State Survey). 
Total glycosylated hemoglobin (HbA1), duration of diabetes mellitus 
and age at onset of diabetes mellitus were al so analyzed for a relation-
ship to growth. 
Methods and Procedures 
Children/adolescents attending Camp UTADA in 1977, 1978, and 
1979 were the subjects of this study. Anthropometr ic measurements, 
birthdate, and year of onset of diabetes mell itus were collected for 
the data base. Tota 1 gl ycosyl a ted hemoglob in (HbA1) was provi-ded 
from studies being conducted by Robert T. Ja rrett, M.D. 
Major Findings 
The majority of males in the study group were less than the 50th 
percentile for height (57%) and weight (56%). Individual female 
heights and weights were equally distributed abov e and below the 50th 
percentile. 
Multiple significant differences were established between the arm 
anthropometry of the study population and the Ten-State Survey compar-
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ison data. Male and female subgroups 11 and 12 res pectively, through 
15 were less than or equal to the Ten-State val ues. 
Analysis of variance (ANOVA) established a negative association 
between duration of diabetes mellitus and heigh t percentile. A 
positive association was established between age at onset of diabetes 
mellitus and height percentile by analysis of vari ance (ANOVA). 
Discussion 
Height of Camp UTADA Subjects Compared 
to NCHS Data 
The majority of the males (57%) in thi s st udy were less then the 
50th percentile for height with an incidence of 18% (24) of the male 
height observations occurring at or less than the 5th percentile, and 
33 (25%) occurring at less than the lOth pe rcen ti l e . Some degree of 
height retardation v1as present in the male st udy subjects. 
The female subjects were equally distr i but ed about the 50th 
percentile for height. Equal obse rvations occurred below the lOth 
percentile and above the 90th percentile. 
Similar findings have been reported by other researchers, with 
males reported to have a greater tendency for heigh t retardation with 
diabetes mellitus than the females (Knowles , et al. , 1965; Sterky, 
1967; Wagner, et al., 1942; Evans and Liste r, 1970; Bergqvist, 1954; 
and White, 1972). 
The study population subgroups had mean he ight values equal to 
the 50th percentile value of the NCHS 1976 grow th chart with the excep-
tion of 14, 15 year old male and 14 year old fe ma l e subgroups all of 
which were significantly shorter. It should be not ed in interpreting 
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these results that the subgroup sampl e sizes we re 14 , 10 and 19 respec-
tively. Jivani and Rayner (1973) and Jackson et al. , (1978) have 
reported delayed growth spurts in "poorly con trolled" diabet i cs . Al-
though insufficient data was available to establish a control value for 
the study population, since the lowered heigh t was observed at the 
ages 14 and 15 in males it would appear tha t puberty was delayed to 
some degree within these subgroups. 
Weight of Camp UTADA Subjects Compared 
to NCHS Data 
In interpreting results, it should be noted that while height 
distributions on the growth ch.art are norma lly di st ributed, distribu-
tion of weight are skewed to the right wi t h i ncreas ing age. Thus, 
t he degree of overweight may be much greater than t he degree of under-
weight. Percentile values tend to falsely equalize the distribution 
about the mean (Beal, 1979). 
Mean weight within study subgroups as compared to the 50th percen-
tile values of the 1976 growth cha r t showed signifi cantly higher 
weights in the 8 year male and female sub groups. The male subgroups 
12, 14, and 15 and female subgroup 12 were signifi cantly lighter than 
the 50th percentile comparison. It would be expected that the weight 
of the male subgroups 14 and 15 would be sign ifi cantly lower since their 
mean height va 1 ues were a 1 so significantl y 1 owe r . 
Several researchers have reported a tendency toward overweight 
in females with diabetes mellitus and unde rwei ght in males (Wagner, 
et al., 1942; Evans and Lister, 1970; Jackson and Kelly, 1946; Knowles, 
et al . , 1965). Mean weight values within fema le subgroups did not 
correspond with others findings. Individua l fe ma le observations about 
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the 50th percentile showed 42% above, 48% be low, and 10% equal to . 
Similar to other researchers findings, three of t he male subgroups were 
significantly lighter than NCHS values. The observation that 56% of 
the weights of individual males were less than th e 50th percentile 
corresponds with the observation that 57% of the heights were below 
the 50th percentile. 
Height/Weigbt Ratios of Camp UTADA Subgroups 
Mean height and weight percentiles within ma le subgroups with 
exception of the 8 year old group were less than the 50th percentile 
in both categories. Mean percentile values were similar for height 
and weight with the exception of the 8 and 9 year groups where per-
centile differences (height percentile minus wei ght percentile) were 
-10.3 and -11.0 respectively, indicative of some degree of overweight 
for height. The 12 year group had a differenc e of +14.0 which indi-
cates some degree of underweight for heigh t . Al l other height/weight 
percentile ratios were near equal in male subgroups . 
The mean height and weight percentil es of the female subgroups 
were near equal with the exception of the 15 yea r group where a dif-
ference of -12.4 occurred. This indica t es some degree of overweight 
for height within the group. 
It was generally observed that mean he ight and weight percentiles 
within subgroups decreased as age incr eas ed, particularly in the male 
weight values. 
Arm Anthropometry of Camp UTADA Subjects 
Compared to NCHS and Ten -State Survey 
Data 
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Comparison of study subgroups mean tri ceps sk infold measurement 
value to that reported by the NCHS showed two subgroups with values 
greater than that of the control group. These were the 8 year male 
group, which was also significantly heavier t han the controls, and 
the 14 year female subgroup which was stati st i call y short with appropri-
ate weight for height when compared to cont ro l s . 
Comparisons made with the Ten-State Nut r i t i on Survey arm anthro-
pometry resulted in a number of statistica l ly si gn ificant differences. 
It was expected that differences would be observed due to the fact that 
the Ten-State survey was not a representative cross-section of the 
nation and was conducted on a low socioeconomi c population. This 
population is generally found to be ma rgi nal ly nourished. However, 
a number of significant differences were foun d i n the Camp UTADA sub-
groups measurements to be less than those re port ed by the Ten-State 
Sur vey. Male subgroups beyond age 11 general ly had suppressed mid-
arm circumference and mid-arm muscle ci rcumfe rence measurements 
(Table 13). Reduced muscle mass in diabet ic ma l es has also been 
reported by Sterky (1967). 
In interpreting these results it mus t acknowledged that insulin 
injections are sometimes associated with at rophy or hypertrophy 
of the surrounding tissue and that the uppe r arm is a common injection 
site. However, reduced muscle mass may als o reflect a delayed growth 
spurt as reported by other researchers (Jivan i and Rayner, 1973; 
Jackson, et al., 1978) . Decreased mean height and weight values in 
the male subgroups would also support this hypothesis. 
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The female arm anthropometry within gro11 ps 8 , 9, 10 and 11 
generally had statistically greater values in l, 2 or 3 of the 
arm measurements. Subgroups 12, 14, and 15 had less muscle mass than 
the controls and the 14 year group had a great er triceps skinfold value. 
This research did not demonstrate increased skin fold thicknesses in 
the female diabetics as reported by others (St erky, 1967 and Evans 
and Lister, 1970). Once again, the effect of insulin injections must 
be considered. However, it is this researcher 1 s observation that the 
females avoided injections in arms and prefe r red to inject the abdomen, 
upper thighs, or hips where atrophy or hypertrophy would be less visi-
ble if it developed. 
Total Glycosylated Hemoglobin (HbAl) 
Comparison to Height 
Jackson et al., (1978) and Williams and Savage, (1979} have 
reported growth disturbances in diabetics determined to be in lower 
levels of control as measured by glycosylated hemog lobin values. 
Children with heights less than the lOth percen ti le had significantly 
higher serm HbAl (16.2%) than did those with he ight velocities greater 
than the lOth percentile (12.4%) (Williams and Savage, 1979). This 
study failed to demonstrate differences between hei ght percentile and 
HbAl values. Multiple statistical tests ~'/ere pe rformed without 
significance. 
Effect of Duration of Diabetes Mellitus 
and Age at Onset on Height 
Results of this study indicate that as the duration of diabetes 
mellitus increases, the tendency for height reta rdation increases also. 
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Diagnoses before the growth spurt years, pa rt i ct.~a ·] y at or before age 
eight also increases the tendency for height retarda tion. Similar 
findings have been reported by Knowles, et al. , 1965; Jivani and Rayner, 
1973; Van Dyke et al ., 1973; Petersen, 1978 ; Tatters al and Pyke, 1973; 
Pond, 1970; and Evans and Lister, 1970 . 
Conclusions 
Although the influence of diabetes on growth varies from one indi-
vidual to another, a mild height retarda ti on can be assumed to occur if 
diabetes mellitus is diagnosed before puberty, part i cularly before age 
eight, and if the duration of diabetes i s eq ual to or greater than four 
years during the growth period. Accord ing to t he pr esent findings, 
Camp UTADA children/adolescents may expect heights within normal 
ranges but some will be affected by mild retardation in height. Males 
with a prepubertal diagnosis will likel y experience a delayed growth 
spurt. 
Tattersal and Pyke (1973) followed t hei r monozygotic twin study 
groups to adulthood. Observations showed that t he prepubescent diag-
nosed twin did not achieve the statu re of the nonaffected twin. There-
fore, it would appear that retardation i n height i s irreversible when 
it does occur. 
Recommendations 
Recommendations for future study are as fo l lows: 
1. That group data continue to be gathered wi th additional 
data including the following: 
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a. number of injections per day 
b. subscapular skinfold measu rements 
c. a quantitative measure of control, whe re possible . 
2. That data be treated as longitudinal i n subsequent studies. 
3. That longitudinal results be compared wi th the cross-sectional 
results reported in this study . 
4. That data on comparisons of a non-diabet ic group to Ten-State 
Survey arm anthropometry values be obtained to further inter-
pret results obtained in this study. 
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APPENDIX A 
BOYS: 2TO 18 YEARS 
PHYSICAL GROWTH 
NCHS PERCENTILES* 
77 195 1- 1-4- ~--- ~ 
76 
75 190 
74 
73 185 
72 
71 180 
70 
69 175 
68 
67 170 
66 
65 165 
64 
63 160 
62 
61 155 
60 
59 150 
58 
57 145 
56 
55 140 
54 
53 135 
52 
51 130 
50 
49 125 ' 
48 
47 120 
' 
' 
46 7 · 
' 
I 
~.;t 
-~-
APPENDIX A 
NAME RECORD# 
7---+- 8 _,_ 9 - t- 10 --;- 11 -+-12 13- - 14- - 15- t--16- f- 17- f- 18 -
190 
185 
18C 
I 175 
' 170 
' 
I 
' 
165 
160 
' 1'-· 
155 
' - em 
o<--- . --r -
' 
--/ ' 
-/- r · 95 
1-7-
... 
90 - 7~ ,L-- ' 
t--7' r- -
·-/ -/- v 
1-L- t/- -/- - c..: - 85 
/ ~ f:= -/- 7'- . 
'so % ?L - -~-~ ::/ ;_.... . 1§ f~ . /..- = ~ r=;z: Y¢ :-/ -. v 
.ZQ. c . / v: tZ 7" f= --• / 
'115 65 45 :L V:/ 
--'-/ J ;( v ~ 44 t-r -/ - - - .1- ~/ 110 60 43 ~-.y; ~- / • ;L r- -j_ ~ 42 
-
41 105 
--* -lC v~-V1_=· 1-£_ r 55 40 1-- -/-- · 1-:;:::::- . :/ v . ...., / 
-
39 10 ~- v-;£= ~~ 50 - · --ct. f-/· 38 :..n-1 hf. ' 95 45 37 
-T ~ ~ _7_ f 36 •· z=-. 7'-..= b"-1 90 40 35 f--!7" ~ ~ ~ ~ 0 34 85(/ ' -- -
33 I-'T"?' 7 7- z ~ ~-- 35 32 -- v ~ 
~- - / 30 31 1-.Lf' Vi;,-c z:::: ~ --
. ~ ~- ' 30 ~ 75 V: 25 29 ~ ' ..c. 1--"-.,......:-c I 
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58 
57 145 
56 
55 14 
54 
53 135 
52 
51 130 
50 
49 125 
48 
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Table 22. Triceps skinfold . thicknesses of you ths ages 8 through 15, 
by ~ex ~nd age at last birthday · 
Race, sex 
and age n N s s-x 
Mi 11 imeters --;-;,-,-;-;;~----------------'-'-'-'~"-'-"'-'=-'--"'------·-----WHITE 
Male 
8 years 
9 years 
10 years 
11 years 
12 years 
13 years 
14 years 
15 years 
WHITE 
Fema 1 e 
8 years 
9 years 
l 0 years 
11 years 
12 years 
13 years 
14 years 
15 years 
537 
525 
509 
542 
540 
542 
526 
525 
498 
494 
505 
477 
455 
490 
484 
424 
l '739 
1 '7 30 
1 '692 
l '662 
1 '747 
1 '729 
1 '683 
l '646 
1 '674 
1 '663 
l '632 
1 '605 
l ,685 
1 '667 
l '633 
1 '592 
9.3 
10 .4 
l 0. 5 
11 .5 
11. 0 
10 .8 
9.8 
9.3 
ll. 7 
12.7 
13.0 
12.9 
13 .0 
13.8 
1 5. 1 
1 6. 1 
3.80 
5.06 
4.41 
5.32 
5.82 
5.81 
5. 59 
5.29 
4. 34 
4.83 
5.08 
5.07 
5.78 
5.87 
6.08 
6.65 
0.20 
0.30 
0. 22 
0. 27 
0.28 
0.27 
0. 28 
0.27 
0.18 
0. 28 
0.34 
0.26 
0.34 
0 . 31 
0.26 
0.37 
NOTE: n = sample size, N = estimation of number of youths in population 
i n thousands; I= mean; s = standard devia t ion; s- = standard 
error of the mean x 
*National Center for Health Statisti cs. 1972 Ski nfold thickness of 
children 6-11 years, United States. Vital and Health Statisitcs. 
Series 11-No. 120 . 
*National Center for Health Statisti cs. 1974. Ski nfold Thickness of 
Youths 12-17 years, United States . Vi t al and Health Statistics. 
Series 11-No. 132. 
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Table 23. Ten State Nutrition Survey 50th percent ile values of triceps 
skinfold, mid-arm circumference and mi d-arm muscle 
circumference for youths age 8 through 15 
Age Midpoint TSF (mm) MAC (em) fv1AMC (em) 
Years 50th percentile 50th perc entile 50th percentile 
MALES 
8 8 18 . 5 15.8 
9 9 19 .0 16.1 
10 10 20 .0 16.8 
11 10 20 .8 17 . 4 
12 11 21.6 18.1 
13 10 23 .0 19.5 
14 10 24 .3 21.1 
1 5 9 25.3 22.0 
FEMALES 
8 10 18.3 1 5. 1 
9 11 19.2 1 5. 7 
10 12 20.3 16.3 
11 12 21.0 1 7. 1 
12 13 22. 0 17.9 
13 14 23.0 18.5 
14 15 24. 0 19.3 
15 16 24.5 19.5 
*Fr isancho, A.R . 1974. Triceps Skin fol d and Upper Arm Muscle Size 
Norms for Assessment of Nutritional Sta t us . American Journal of 
Clinical Nutrition 27(10): 1052-1058. 
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APPENDIX D 
Table 24. Camp UTADA Research Committee 1977 to 1979 
Carl Jensen, R.Ph. 
Camp UTADA Director 
American Diabetes Association, Utah Affili ate, Inc. 
Salt Lake City, Utah 84106 
Marvin L. Rallison, M.D . 
Pediatric Endocrinologist 
Assoc . Prof. of Pediatrics 
College of Medicine 
University of Utah 
Salt Lake City, Utah 84112 
Virgil J. Parker, M.D. 
Internalist/Endocrinologist 
Central Utah Valley Clinic 
Provo, Utah 84602 
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T.O.e 13. Smoothed percentil• of 1tatu,. (in centimeten). by •• end age: 0111 end 1tati1ttct from National C.nter for H111th StetiltK:-1 , 2 to 18 .... ,. 
Smoothed 1 perc.entill 
lie• ond ego 
6th 
~ Suture in c.entimeten 
2.0voers2 . • • ••.. •.......... ... •. . . · · .. · . . · · · · · · · · · • · · • · · · · · · · · · · · · · · · • 82.6 83.6 85.3 86.8 89.2 112.0 
2 .1iv•,. .. . . . .......... .. ............ . . ..... .... .... .. . ... . .......... 86.4 86.5 88.1i 110.4 112.11 llli.l 
3.0y .... . ............ . .. . . . ..... . ... . . ........... . ......... . . .. ...... 1111.0 110.3 112.8 114.11 117.6 1011.1 
3 .1iv•,. . ...... . . . . . .. . . .. ... ............ . .. .... ... ....... ... . .. . .. . . 112.5 113.11 118.4 89.1 101 .7 IOU 
4.0 yean ............ . .. . . . .......... . .... . ......... . .. . . .. ........... 115.8 117.3 100.0 102.11 105.7 108.2 
4 .5v..,. . ..... . . . . .. . .......... . ....... . ... . ........... . ......... . ... 118.11 100.8 103.4 108.6 109.4 111.11 
6 .0y .. n ....................... . . . . ... .. .... . . ... . . . .. ... . . .. ........ 102.0 103.7 106.6 109.8 112.8 116.4 
6 .6 Yllf'1 ................. .. .. . ... ... .......... . . ... . .. . ... . . . ....... . 104.8 106.7 109.8 113.1 116.1 118.7 
8 .0yMra .. ............. ... . ..... .. . . ....... . .. .. . . . ... . . ... .. ...... 107.7 109.6 112.6 116.1 118.2 121 .11 
8.6voe,. ...... .. . .. .. ............. . .. . ..... . .... . . ... .. .. . .... . . . . . .. 110.4 112.3 116.3 118.0 122.2 124.11 
1.0 YNrl ... . . . . . . ..... . ........... . ... . ....... . ..... . .. . ............. 113.0 116.0 118.0 121 .7 126.0 127.11 
1.11 VOOfl ....... . .............. . ........ . ........ . . ..... ... .......... . 116.6 111.8 120.8 124.4 127.8 130.8 
8 .0 t;' M tl .............. .. . . . .. . . .... .. .. .... ... ................ .. .... 118.1 120.2 123.2 127.0 130.6 133.8 
8..5 yNn .... .. ... . .. . ............ . .... . ... .. ...... . . . . . . . . . . . . . . . . 120.6 122.7 126.7 126.8 133.2 1311.6 
i.Ov .. n ........... .. . .. . ....... . . . .. .. .. .. .............. . ..... . .. 122.8 125.2 126.2 132.2 136.0 139.4 
9 .5 .,. •• ,. 
•••• •••••••••• • • •••• •• ••• • •• •••••••• • 0 • • •• •• • • • •• ••• • ••• ... 126.3 127.6 130.8 134.8 138.8 i42 .4 
10..0 .,. ..... ...... . . .. . . ...... .. ...... . . .. . ...... . . . .... . . .. . ..... 127.7 130.1 133.4 137.6 141 .6 146.6 
10.6 .,. •• , • ..... . .•....•.••. . . . . . . . . 
••••••••••• • •• •• • 0 ••• ••• • •• 130.1 132.6 136.0 140.3 144.6 148.7 
11 .0 .,. •• ,, ..... •. 0 • • 0 ••• • • ••••• 
• • ••••••••••• • 0 • • • •• • •• 0 • •• 132.6 136.1 138.7 143.3 147.8 152.1 
11.6yun ... ...... . .. ......... . ..... 
. . .. .. ..... . .. . ....... 135.0 137.7 141 .6 146.4 161 .1 165.6 
12.o.,. •• , • . ... . . . •.... . .. .. •..... . .. . .•. . ... .. . ..... . ...... .... 137.6 140.3 144.4 149.7 164.6 159.4 
12.6 yN rl .......... , .... .. , .... . .. ... . .. . , .. , ....... .. .. 
.... . . ... . 140.2 143.0 147.4 153.0 158.2 163.2 
13.0 year1 ... .. . ...•. .• .. . ...... . • ......•.. 
• •••••• •• ••• 0 •• •••••• •••• •• 142.9 145.8 160.6 156.5 181 .8 167.0 
13.6 .,. •• ,.. .... .. ... . .. . ...... . .• ... ... .. . ................ .. .. . . 145.7 148.7 163.6 159 .11 165.3 170 .6 
14.0 VOOr1 ....••.• . • .. • ....•. . ...... .... . .............. . ..... .. . ... 148.8 15 1.8 166.9 163.1 168.6 173.8 
14.5 yun .... . ........ ....... . ... ...... ........ . .. . .... ...... .. . . .. 162.0 155.0 160.1 166.2 111.6 176 .6 
1S.O v••n . . .. .................... . ....... ... . . .. · · · · · .. · · · · · · · · · · · · · · · 165.2 158.2 163.3 169.0 174.1 178.9 
16 .6 v••rs ....... . ... ........... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158.3 161.2 166.2 171 .6 176.3 180.8 
16.0 Vllrl ...... . . .. . . .. . •..•..•....• . .. . . ....... .. .... . . .. .. . . . . . . . 16 1. 1 163.9 168.7 173.6 178.1 182.4 
16.6 yean .... . o • • • • ••••• • • •••••••• ..... . ......... . ..... . ..... ... .. . . 163.4 166.1 110.6 115.2 119.5 183.6 
17.0y .. rl • · · · • • • • • • 1 • • • •'' • • ' ' ' ' ' ' '''' . .......... . .... .. .. .. .... .. .. 164.9 167.7 11 1.9 176.2 180.5 184.4 
17.6vears .. ... ... ....... • · 
••••• • •••••••••••••• •• •••• ••••• 0 •••••••• • • 165.6 168.6 112.4 116.1 181.0 185.0 
18.0 Vlll'1 . . . .... . . .. . .... , . .. , . .. .. , ................ , ....... . . , . . . ... . 165.7 168.7 172.3 176.8 181.2 185.3 
-I 
PJ 
cr 
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86th 1./) 
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18 1.9 
183.9 
185.4 
186.6 
187.3 
187.6 
187.6 
)::> 
-u 
-u 
rr1 
z 
0 
........ 
>< 
rr1 
ex:> 
1.0 
Table 13. 
2.0 ••• ,..2 
2 .5y .. ,. 
3 .0 , .. ,. 
3 .6 yean 
4 .0y .. n 
4 .5yNn 
6 .0y .. rs 
5 .6~: .. ,, 
6 .0 v••ra 
6 .5 yean 
7.0yNf'1 
7 .5 v .. n 
8 .0 yean 
8 .5yeers 
9.0 yNn 
9 .5y .. ,.. 
10.0 ......... 
10.5 yean 
11.0ytars 
11 .5yNr1 
12.0 yean 
12.6 v••n 
13.0 yttf1 
13.6 yean 
14.0 yews 
14..5 years 
15.0ytMt 
15 .5 YMf1 
18.0 yoon 
16.5 yean 
17 .0yurs 
17.6 v••n 
18.0yNn 
(continued) 
f-.nale 
1Smootbcd by cuhic -splin~ appro•imatiun . a.. dcw:ribed in appendi& II . 
81.6 82 .1 
84.6 85.3 
88.3 89.3 
91 .7 93.0 
95.0 96.4 
98.1 99.7 
101.1 102.7 
103.9 105.6 
106.6 108.4 
109.2 111 .0 
111 .8 113.6 
114.4 116.2 
116.8 118.7 
119.5 121.3 
122.1 123.9 
124.8 126.6 
127.5 129.5 
130.4 132.5 
133.5 135.6 
136.6 139.0 
139.8 142.3 
142.7 145.4 
145.2 148.0 
147.2 150.0 
148.7 151.5 
149.7 152.5 
150.5 153.2 
151.1 153.6 
151 .6 1S4.1 
152.2 154.6 
152.7 155.1 
153.2 155.6 
153.6 156.0 
84 .0 86.8 89.3 
87.3 90.0 92.5 
81.4 94.1 96.6 
85.2 87.9 100.5 
98.8 101 .6 104.3 
102.2 105.0 107.9 
105.4 108.4 111.4 
108.4 111.6 114.8 
111.3 114.6 118.1 
114.1 117.6 121:3 
116.8 120.6 124.4 
118.5 123.5 127.5 
122.2 126.4 130.6 
124.9 129.3 133.6 
127.7 132.2 136.7 
130.6 135.2 139.8 
133.6 138.3 142.9 
136.7 141.5 146.1 
140.0 144.8 149.3 
143.5 148.2 152.6 
147.0 151 .5 155.8 
150.1 1S4.6 158.8 
152.8 157.1 161.3 
154.7 159.0 163.2 
165.9 160.4 164.6 
156.8 161.2 165.6 
157.2 161.8 186.3 
157.5 162.1 186.7 
157.8 162.4 166.9 
158.2 162.7 167.1 
158.7 163.1 167.3 
159.1 163.4 167.5 
159.6 163.7 167.6 
2sccau~ ole loalstic problem the pcrcentiln of 1111urc tor children under l . S yun an nol hiahly rdiablc . The aac interval rc-prcwntcd b 1 .00-1 .1 S yean. 
82.0 83.6 
85.0 96.6 
99.0 100.6 
102.8 104.5 
106.6 108.3 
110.2 112.0 
113.8 115.6 
117.4 119.2 
120.8 122.7 
124.2 126. 1 
127.6 129.5 
130.9 132.8 
134.2 136.2 
137.4 139.6 
140.7 142.9 
143.9 146.2 
147.2 149.5 
150.4 152.8 
153.7 156.2 
156.9 159.5 
160.0 162.7 
162.9 165.6 
165.3 168.1 
167.3 170.0 
168.7 171.3 
169.8 172.2 
170.5 172.8 
170.9 173.1 
171 .1 173.3 
171.2 173.4 
171.2 173.5 
111 .1 173.5 
171.0 173.6 
..---.. )::> 
()""'0 
o-a 
::::5 I'T1 
c-t- z 
.... 0 
::::5 t--i C>< 
ro 
0.. I'T1 
1.0 
0 
1.6 year1 
2.0 yeart 
1 .5 y .. n 
J .Oy .. rs 
3 .5 yean 
4 .0yean 
4 .~yllrl 
5 .0yean 
6.5 yean 
6 .0\'1111 
6.5 ., •• ,. 
7 .0 years 
7.5 years 
s.oy .. ,, 
8.5 years 
s.oy .. ,. 
9 .5 yean 
10.0 ., .. ,. 
10.5yeart 
11 .0y .. n 
11 .5y .. rs 
12.0 yean 
17.5 yean 
13.0 ., •• ,, 
13.5 years 
14.o., .. ,. 
14 .5 yean 
15.0 yurt 
15.5 yean 
16.0 ye1n 
16.5y .. rs 
17.0years 
17.S yurt 
18.0y .. rt 
l.tl'~ 14 . Smoothed percent•ln of we1gh t C•n kilograms I, by Ma and ege : Dati 1nd ltlllllicl hom N11 ionel C.n1er for He11th Statistics, 1 .610 18 YUt'l 
Smoothedl percentile 
Se• and • 
l'>th 
Male I Weight in kilogram• 
.. . .. . .. . . .. . . ............ . .. . ... . .... . .. .. ... .. . . .. . . . 11.72 <10.18 10.&1 11.011 12.02 12.115 
. . ... . .. .............. . . ... .. ......... . .. . ... . . . .. ... . . 10.411 10.116 11.1'>& 12.34 13.36 14.38 
. ..... . . . .. .. . . . .. . . . ..... .. .... .. .. .. . . .... . ........ 11 .27 11.77 12.65 13.62 14.81 15.71 
... .. .. .. . . .. ... . . ... .. . . ........ . .. ... . .. . . .. . . . 12.05 12.68 13.1'>2 14.82 16.78 16.115 
. . . . ... . . . . . . .... .... . . . .. ..... ........ 12.84 13.41 14.46 11'>.68 16.90 18.11'> 
.. . . ..... . . ... . ... .. ...... . .... .. . 13.64 14.24 11'>.39 16.89 17.99 19.32 
..... .... . . .. .... . . .. . ... . . . 14.45 15.10 16.30 1/.69 19.06 20.50 
.......... . ... . .... . . ... ..... .. ..... . . . .. ...... .. .... . . 15.27 15.116 17.22 18.67 20.14 21.70 
. . ..... .. ... . . . . ...... ... .. . . - ..... .. . .. .. . - .. .. .. - . . 16.09 16.83 18.14 19.67 21 .25 22.96 
- . . .. .. . .. . - . ... . ... . -.- .... . . .. .. . . . . . - ... 16.93 17.72 111.07 20.69 22.40 24 .31 
- . . - . . .. .. .. -- .- . . . . . . . - .. - . . .... . . - .. - . .. . . . .. 17.78 18.62 20.02 21 .74 23.62 25.76 
- - .. .. - .. ...... . .. . . .. 
-.-.- .. - ... - . . . . .... ... - 18.64 111.53 21 .00 22.85 24.114 27.36 
19.52 20.46 22.02 24.03 26.36 211.11 
20.40 21 .39 23.011 26.30 27.111 31.06 
21 .31 22.34 24.21 26.66 28.61 33.22 
-- . . . .. . .. .. . .. ... . .. - ... ... .... I 22.2s 23.33 26.40 28.13 31 .46 35.67 
. . . . • . . 23.26 24.38 26.68 29.73 33.46 38.11 
24 .33 25.52 28.07 31 .44 35.61 40.80 
25.51 26.78 29.69 33.30 37.92 43.63 
26.80 28.17 31 .25 35.30 40.38 46.57 
- . . .... - - . .. . .. ..... . I 28.24 29.72 33 .08 37 .46 43.00 49.61 
29.85 31 .46 35.09 39.78 45.77 52.73 
31 .64 · 33.41 37.31 42.27 46.70 65.81 
- .. - .. . . ... . .. - . ..... . . - . . . . . . . . .. - . ' 33 .64 35.1'>0 39.74 44.95 1'>1.79 1'>9.12 
35.85 38.03 42.40 47.81 65.02 62 .35 
. - . .. ... . . . - -.- ... . 38.22 40.64 45.21 60.77 58.31 65.57 
. -- .. - . .. . . - ....... - . . - . - 40.66 43 .34 48.08 53.76 61.58 68.76 
. - . . ..... . . . - . . ..... .. 43 .11 46.06 60.92 56.71 1'>4. 72 71 .91 
. - . . . . . - .... .. - . . ... . .. 45.60 48.69 53.64 59.51 67.84 74 .118 
. - . .... . . .. - ... . .. .. - . . - -. 47.74 51 .16 56.16 62.10 70.26 77.97 
- . . . ... .. . - . . .. ... - . ..... 49.76 53.39 58.38 64.39 72 .46 80.84 
- . . . .. - ... . ... ... . .. - . . ... . . 51 .50 65.28 60.22 66.31 74.17 83.58 
. .. .. . . ... - . . -. -... -- . ...... 62.89 56.78 61.61 67.78 75.32 86.14 
- . . . . . -. --- ..... - . ... - .... 53.97 57.89 62.61 68.88 76.04 68.41 
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Table 14. (continued) 
F~male 
1.5yeo" . . . . . . . . • . . • . . 9 .02 9 .16 9.61 10.38 10.114 11.75 12.36 
2 .o..... . . . . . . . . • . . • . . • . . . . . . • . . • . . • . • . . • . . . • . • . 9 .95 10.32 10.96 11.80 12.73 13.58 14.15 
2 .5v••" . • . . . . . . • . . . . . . . • . . . . • . . . . . . . . • . . • . . . . . . . 1o.ao 11.35 12.11 13.03 14.23 15.16 15.76 
3 .0 ..... . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . 11.61 12.26 13.11 14.10 15.50 16.54 17.22 
3 .5 ..... . • . . • . . • . . . • . . . . . . . . . . • . . . . • . . • . . . . . . 12.37 13.08 14.00 16.07 16.59 17.77 18.59 
4 .0 ..... . . • . . . • . . • . . . . . . . . . . . . . . . • . . . . . . . • . . • . . . . . . 13.11 1.3 .84 14 .80 15.96 17.56 18.93 19.111 
4 .5 ••••• . . . . . . • . . . . . • . . . . . . . . • . . • . . . . . . . • . • . . . . . 13.83 14.56 15.55 16.81 18.48 20.06 21 .24 
5 .0 ..... . • . . • . . . • . . • . . • . . . • . . . . . • . . . . . . . . . . . . . . . . . . 14.55 15.26 16.29 17.66 19.39 21.23 22.62 
5 .5 ..... . . . . . . . . . . . . . . . • . • . . . . . • . . . . • . . . . . . . . . . . . 15.29 15.97 17 .05 18.56 20.36 22.48 24.11 
6 .0 ..... . • . . . . . . . . • . . • . . . . . . • . . . . . • . . . . • . . • . . . . . . . • . . . . . . 16.05 16.72 17 .86 19.52 21 .44 23.89 25.75 
6 .5 ••••• . . . . • . . . . . . . . . . . . . . . . • . . . . . • . . . . • . . . . . . . • . • . . . . 16.85 17.51 18.76 20.61 22.68 25.50 27.59 
7 .0yeo" . . • . . . . . . . • • . . • . . . . . . . . . . . • . • . . • . . • . . • • • . . • . . . . . . . . . . . . . . . . . 17 .71 18.39 19.78 21.84 24. 16 27.39 29.68 
7.5 ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . • . . . . 18.62 19.37 20.95 23 .26 25.90 29.57 32.07 
8 .0 ..... . • . . . • • . . . . . . . • . . . . . . . . . . . . . . • . . . . . • . . 19.62 20.45 22.26 24.84 27.88 32.04 34 .71 
8 .5 ..... .. . • .. . . . . .. . .. . . .. • . .. .. . . .. . .. .. .. .. .. . .. .. .. .. .. 20.68 21.64 23.70 26.58 30.08 34 .73 37.58 )::> 
9 .0 ..... . . . . . . . • . . • . . . • . • . . . . • . . . . . . . . . . . . . . . . . . . 21.82 22.92 25.27 28.46 32.44 37 .60 40.64 -o 
9 .6 ..... . . . . • . . . • . . . . . . . . . . . • . . . . . . . • . . . . . . . . . • . . . . . . . . • . . . 23.05 24.29 26.94 30.45 34.94 40.61 43.85 -o 
10.0 voo" . . . . . . • . . . . . • . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . 24.36 25.76 28.71 32.55 37 .53 43 .70 47.17 fT1 
10.5veo" . .. .. .. .. .. .. .. .. .. .. .. • .. . .. .. . ... .. .................... 25.75 27.32 30.57 34.72 40.17 46.84 50.57 :Z: 
11.0 ..... .. .. . .. .. • . .. ................... - .. • .. .. .. .. . .. • .. . 27 .24 28.97 32.49 36.95 42.84 49.96 64.00 CJ 
11 .5v••" . • . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . • . . . 28.8.3 30.71 34 .48 39.23 45.48 53.03 57.42 ...... 
12 .0v•••• .. • .. . .. .. . .. .. . . . .. .. .. • .. .. • .. .. • .. • .. .. .. .. 30.52 32.53 36.52 41 .53 48.07 55.99 60.81 >< 
:~ :~ ~==~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .. .. . .. . .. . .. ~!:~ :~~ !~~~ :~:~ ~:~ ::::~ ~:~ ITI 
13.5 ..... . . . • . . . . . • . . . . . • . . • . . . . . . . . • . . . . • . . . . . . • . • . . • . . . . • . . • . . . . • . . . 35.98 38.26 42.65 48.26 65.11 6J.87 70.30 
14.0 ••••• . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . • . . • . . . . • . . . . . 37.76 40.11 44.54 50.28 57 .09 66.04 73.08 
14.5 ..... . . . . • . . • • . . . . . . . . . . . • . . . . . . . . . • . . . . • . . . . . . . . . • . . . . . • . . 39.45 41.8.3 46.28 62.10 58 .84 67.95 76.59 
15.0 ..... . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . • . . . . . 40.99 43 .38 47.82 53.68 60.32 69.54 77.78 
15.5yeo" .. . . • .. • . .. .. . .. .. . .. .. . .. .... .. ......... 42.32 44 .72 49.10 54.96 61.48 70.711 79.59 
16.0 ..... . . . . . . • . . . . • • . . • . . • . . • . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . • . . • . . 43.41 45.78 50.09 65.89 62.29 71 .68 80.99 
16.5 ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . . . . . . • . . • . . • . . . . . . . 44.20 46.54 50.75 56.44 62 .75 72.18 81.93 
17.0yeo•s . .. . .. .. .. . .. • . . .. . .. .. .. .. . .. .. .. . .. . .. . 44.74 47.04 61 .1 4 56.69 62.91 72.38 82.46 
17.5 ..... . . . . . . . . . . . . . . . . . . 45.08 47 .33 61.33 56.71 62.89 72.37 82.62 
18.0 ..... . . . . . . . . 45.26 47 .47 61.39 56.62 62.78 72.25 82.47 
1Smoulhed by c uh lc ·&phnc appro •~malion. at. ducnbed In appcndi• II . 
